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STATE OF NORTH DAKOTA 

PUBLIC SERVICE COMMISSION 

           
IN THE MATTER OF THE APPLICATION 
OF NORTHERN STATES POWER 
COMPANY, A MINNESOTA 
CORPORATION, FOR A CERTIFICATE OF 
PUBLIC CONVENIENCE AND 
NECESSITY FOR A 345 KV 
TRANSMISSION LINE IN THE 
FARGO/WEST FARGO METROPOLITAN 
AREA 

 
 
 
 CASE NO. PU-10-____ 

 
APPLICATION FOR CERTIFICATE OF PUBLIC 

CONVENIENCE AND NECESSITY 

I. INTRODUCTION 

Pursuant to North Dakota Century Code Chapter 49-03, Northern 
States Power Company, a Minnesota corporation (“Xcel Energy” or the 
“Company”) respectfully submits this application to the Public Service 
Commission of the State of North Dakota (“Commission”) for a Certificate of 
Public Convenience and Necessity (“CPCN”) to construct and operate a 345 
kilovolt (“kV”) transmission line and associated facilities from the North 
Dakota/Minnesota border to a substation in the Fargo Area (this 
“Application”). 1

The Fargo Project will provide for community service reliability in the 
Fargo and greater Red River Valley area, as well as enable additional energy 
exports from North Dakota to load centers to the south and east.  The Fargo 
Project also provides additional transmission capacity for expected growth in 
system-wide demand for electricity. 

  The segment proposed in this Application is part of a 
regional transmission line project from Fargo to the North Dakota/Minnesota 
border, through Alexandria, St. Cloud and terminating at Monticello, 
Minnesota (the “Fargo Project” or “Project”). 

                                           
1 On November 13, 2007, Xcel Energy, notified the Commission of its intent and the intent 
of the other utilities participating in the CapX2020 Initiative to construct the North Dakota 
portion of the Fargo Project. 
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The Company respectfully requests the Commission find the standards 
for granting a certificate of public convenience and necessity are satisfied. 

The remainder of this Application will provide additional support for 
Xcel Energy’s request for a CPCN.  This Application will address: 

• Standard of Review  
• Description of the Company 
• The CapX2020 Initiative 
• Description of the Project 
• Project Need 

II. STANDARD OF REVIEW 

The statutory provisions governing the requirement for a public utility to 
file for and obtain a CPCN are as follows: 

N.D.C.C. § 49-03-01. Certificate of public 
convenience and necessity - Secured by electric 
public utility.  No electric public utility henceforth 
shall begin construction or operation of a public 
utility plant or system, or of an extension of a plant 
or system, except as provided below, without first 
obtaining from the commission a certificate that 
public convenience and necessity require or will 
require such construction and operation.  This 
section does not require an electric public utility to 
secure a certificate for an extension within any 
municipality within which it has lawfully commenced 
operations.  If any electric public utility in 
constructing or extending its line, plant, or system, 
unreasonably interferes with or is about to interfere 
unreasonably with the service or system of any 
electric public utility, or any electric cooperative 
corporation, the commission, on complaint of the 
electric public utility or the electric cooperative 
corporation claiming to be injuriously affected, after 
notice and hearing as provided in this title, may 
order enforcement of this section with respect to the 
offending electric public utility and prescribe just and 
reasonable terms and conditions. 
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49-03-01.1.  Limitation on electric transmission 
and distribution lines, extensions, and service by 
electric public utilities.  No electric public utility 
henceforth shall begin in the construction or 
operation of a public utility plant or system or 
extension thereof without first obtaining from the 
commission a certificate that public convenience and 
necessity require or will require such construction 
and operation, nor shall such public utility 
henceforth extend its electric transmission or 
distribution lines beyond or outside of the corporate 
limits of any municipality, nor shall it serve any 
customer where the place to be served is not located 
within the corporate limits of a municipality, unless 
and until, after application, such electric public utility 
has obtained an order from the commission 
authorizing such extension and service and a 
certificate that public convenience and necessity 
require that permission be given to extend such lines 
and to serve such customer. 

49-03-02.  Prerequisites to issuance of certificate 
of public convenience and necessity.  Before any 
certificate may issue under this chapter, a certified 
copy of the articles of incorporation or charter of 
the utility, if the applicant is a corporation, or a 
certified copy of the articles of organization of the 
utility, if the applicant is a limited liability company, 
shall be filed with the commission.  At the hearing of 
said application upon notice as provided in this title, 
the utility shall submit evidence showing that such 
applicant has received the consent, franchise, permit, 
ordinance, or other authority of the proper 
municipality or other public authority, if required, or 
has or is about to make application therefor.  The 
commission shall have the power, after notice and 
hearing to: 

 1. Issue the certificate prayed for; 

 2. Refuse to issue such certificate; 
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3. Issue it for the construction or 
operation of a portions only on the contemplated 
facility, line, plant, system, or extension thereof; or 

4. Issue it for the partial exercise of the 
right or privilege sought, conditioned upon the 
applicant’s having secured or upon the applicant’s 
securing the consent, franchise, permit, ordinance, or 
other authority of the proper municipality or other 
public authority, and may attach to the exercise of 
the of the rights granted by any certificate such 
terms and conditions as in its judgment the public 
convenience and necessity may require. 

Notwithstanding any of the foregoing provisions, 
the commission may grant a certificate if no 
interested party, including any local electric 
cooperative, has requested a hearing on said 
applicant after receiving at least twenty days’ notice 
of opportunity to request such hearing. 

Under these statutes, the overall standard applied by the Commission is 
whether the proposed system addition is needed under all the circumstances 
and whether the applicant is qualified to implement the proposed system 
addition.  As demonstrated in this Application, all needs are well documented, 
the Fargo Project is the most prudent method to address these needs and Xcel 
Energy is capable of constructing the Fargo Project.  The Fargo Project will 
serve a number of needs for North Dakota: 

• The Fargo Project will:  (i) meet community service reliability needs in 
the greater Red River Valley area; (ii) increase system capacity to facilitate 
the transmission of North Dakota’s rich energy resources; and 
(iii) provide additional transmission infrastructure to meet growing 
regional demand for electricity.  As demonstrated in this Application, all 
three needs are well documented and the Fargo Project is the most 
prudent method to address these needs. 

• The Fargo Project also provides a flexible platform for future system 
growth. 
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• Xcel Energy is an experienced electric utility who owns and has 
constructed many miles of transmission facilities of various size.  Xcel 
Energy has successfully constructed transmission facilities in North 
Dakota.  Xcel Energy’s experience evidences its ability to construct the 
Fargo Project. 

The Commission has indicated that it considers ten factors in 
determining whether to grant a CPCN for a new electric facility.2

These factors further support the Commission’s standard of review as to 
whether the proposed facility is needed and whether an applicant is the 
appropriate utility to implement it.  Xcel Energy provides the following 
responses to each of these factors: 

 

• From whom does the customer prefer electric service? 

No specific customer requested the construction of the Fargo 
Project, and the Fargo Project does not provide direct retail 
service.  Rather, the Fargo Project provides bulk transmission 
service that can be used by many utilities and, ultimately, their 
retail customers. 

• What electric suppliers are operating in the general area? 

Xcel Energy serves Fargo and Grand Forks, the major population 
centers of the Red River Valley area.  The Fargo Project will not 
provide direct retail service in competition with any other retail 
electric suppliers in the area, but rather ensures reliable service to 
all. 

                                           
2 See testimony of Jerry Lein of the Commission staff, presented to the Interim Electric 
Industry Competition Committee, April 24, 2000. 
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• What electric supply lines exist within a two-mile radius of the locations to be 
served and when were they constructed? 

Figure 1 depicts the high voltage transmission lines near the 
proposed location of the North Dakota segment of the Fargo 
Project.  The transmission system in this area was developed over 
many decades. 

    Figure 1 HVTLs in North Dakota 

 

• What customers are served by electric suppliers within at least a two-mile 
radius of the location to be served? 

The North Dakota segment of the Fargo Project will not provide 
direct retail service.  The Fargo Project will improve the reliability 
of electric service in the greater Red River Valley area.  Customers 
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in the vicinity of this line are served by Xcel Energy, Otter Tail 
Power Company, and Cass County Electric Cooperative. 

• What are the differences, if any, between the electric suppliers available to serve 
the area with respect to reliability of service? 

Additional high voltage transmission is needed to enhance 
reliability in the region.  The Fargo Project, which was developed 
collaboratively as part of the CapX2020 Initiative, will assist all 
electricity suppliers in the greater Red River Valley area to provide 
more reliable service. 

• Which of the available electric suppliers will be able to serve the location in 
question more economically and still earn an adequate return on its 
investment? 

The Fargo Project will not provide direct retail electric service.  
Regional utilities have joined together to plan and propose 
essential transmission system improvements including the Fargo 
Project. 

• Which supplier’s extended electric service would best serve orderly and 
economic development of electric service in the general area? 

The Fargo Project will not extend retail electric service.  The 
Fargo Project is part of the orderly and economic development of 
regional transmission facilities needed to preserve electric service 
reliability in North Dakota and the neighboring states. 

• Would approval of the application result in wasteful duplication of investment 
or services? 

No.  A consortium of utilities conceived and planned the Fargo 
Project in a collaborative effort to identify and meet regional 
transmission needs in a coordinated, efficient fashion to reduce 
wasteful duplication of investment and services. 

• Is it probable that the location in question will be included within the 
corporate limits of a municipality within the foreseeable future? 

The North Dakota segment of the Fargo Project will be located in 
the greater Fargo metropolitan area and parts of it could 
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conceivably be located within incorporated Fargo or West Fargo 
depending on the final route approved. 

• Will the service by either of the electric suppliers in the area unreasonably 
interfere with the service or system of the other? 

No.  The Fargo Project will not provide retail service, and will not 
interfere with any other transmission lines in the area. 

In summary, the Fargo Project satisfies the relevant criteria.  Xcel 
Energy will also apply for the necessary Certificate of Corridor Compatibility 
and Route Permit, which are required to route and construct the Fargo Project 
pursuant to N.D.C.C. Ch. 49-22. 

III. DESCRIPTION OF APPLICANT 

Xcel Energy is a Minnesota corporation duly authorized to conduct 
business in the State of North Dakota as a public utility subject to the 
jurisdiction and regulation of the Commission pursuant to Title 49 of the 
North Dakota Century Code.  The Company is an experienced electric 
generation, transmission and distribution utility with the expertise and 
resources to construct the Fargo Project.  The full name and address of Xcel 
Energy is: 

Northern States Power Company, 
a Minnesota corporation 
414 Nicollet Mall 
Minneapolis, Minnesota 55401 

Xcel Energy presently serves approximately 86,000 retail electric 
customers in and around Fargo, Grand Forks, and Minot, North Dakota.  Xcel 
Energy owns approximately 3,700 miles of transmission lines of voltage 115 kV 
and above, of which 250 miles of transmission lines and 12 substations are 
located in North Dakota.  Xcel Energy’s corporate documents were filed with 
the Commission in Case No. PU-09-664 and are incorporated herein by 
reference. 

IV. THE CAPX2020 INITIATIVE 

The CapX2020 Initiative (“CapX2020”) was formed to establish a 
framework for the development of transmission infrastructure to meet the 
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increasing demand for electricity in the upper Midwest.  The current roster of 
11 CapX2020 sponsoring utilities who are playing a role in CapX2020 include:  
Central Minnesota Municipal Power Agency, Dairyland Power Cooperative, 
Great River Energy, Minnesota Power, Minnkota Power Cooperative, Missouri 
River Energy Services, Otter Tail Power Company, Rochester Public Utilities, 
Southern Minnesota Municipal Power Agency and Wisconsin Public Power, 
Inc., Northern State Power Company, a Wisconsin corporation, and Xcel 
Energy (collectively the “CapX2020 Utilities”).  CapX2020 has established a 
coordinated regional approach to addressing both regional and community 
reliability needs, and longer term growth. 

The CapX2020 Initiative was designed to plan for and construct 
additions to the regional network of transmission lines to meet regional needs.  
The Project is critical because in the near future, the transmission network 
serving a number of communities in North Dakota and the surrounding states 
will be inadequate.  At the same time, significant new generation must be added 
to the system to meet the growing demand for electricity throughout the region 
as well as a variety of state policies.  The study efforts undertaken by the 
CapX2020 study group are described in more detail at www.capx2020.com. 

Transmission planning engineers estimated that the electrical system 
serving the region is expected to grow by 4,500 to 6,300 MW by 2020.  
Planning engineers analyzed system improvements to address emerging 
regional needs, recognizing that the performance of the transmission system 
depends not only on the demand for power by consumers, but also on the 
location of the generation to meet consumer demand. 

Based on the studies conducted by the CapX2020 Utilities, four 
transmission projects were identified as common to any reasonable future 
scenario, including the Fargo Project.3

                                           
3 The three 345 kV projects and one 230 kV project add increments of transmission capacity 
to the network to support the continuing development of new generation.  They are 
(i) Fargo - Twin Cities 345 kV (the “Fargo Project”); (ii) Twin Cities – La Crosse, Wisc. 
345 kV (the “La Crosse Project”); (iii) Twin Cities – Brookings County, S.D. 345 kV (the 
“Brookings Project”); and (iv) Bemidji – Grand Rapids 230 kV (the “Bemidji Project”) 
(collectively the “Group 1 Projects”).  Additional discussion of each of these four projects 
and the status of the regulatory proceedings can be found at 

 

www.capx2020.com. 

http://www.capx2020.com/�
http://www.capx2020.com/�
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V. DESCRIPTION OF THE PROJECT 

A. Project Development 

Currently, Xcel Energy, Otter Tail Power Company (“Otter Tail”), Great 
River Energy (“Great River”), Missouri River Energy Services (“MRES”), and 
Minnesota Power (the “Participating Utilities”) expect to have ownership 
interests in the Fargo Project.  In February of 2007, the Participating Utilities 
entered into a Project Development Agreement for the Fargo Project. 

Through the Project Development Agreement, Xcel Energy and the 
other Participating Utilities have agreed to determine the 
interconnection/termination points of the Fargo Project; determine the 
recommended alignment of the proposed configuration; determine the scope 
of the Fargo Project; estimate the cost and schedule; obtain the required state 
and federal regulatory approvals and consents; and engage in other necessary 
project studies or analyses.  Each participant has agreed to absorb a specified 
percentage of development costs associated with the Fargo Project. 

In the Project Development Agreement, the Participating Utilities have 
agreed to certain maximum project investment percentages for the portion of 
the Fargo Project each participant may eventually own.  Great River has agreed 
to a 25% share of the Fargo Project, Minnesota Power has agreed to a 14.7% 
share, MRES has elected an 11% share, Otter Tail has elected a 13.2% share 
and Xcel Energy has elected a 36.1% share.  Each utility has the right (but not 
the obligation) to take ownership up to the identified percentage, choose to 
invest in a lower percentage, or choose not to invest in the Fargo Project at all.  
If a utility ultimately declines to take ownership to its designated level, the 
excess is offered to the other participants. 

The Participating Utilities have decided to elect ownership in the Fargo 
Project in two stages. 

On August 18, 2010, Xcel Energy and the other project owners executed 
the Project Participation Agreement (“Ownership Agreement”) and other 
project agreements for the segment of the Fargo Project from Monticello, 
Minnesota to St. Cloud, Minnesota (“Fargo Phase 1”).  The utilities who are 
committing themselves to funding and eventual ownership of the completed 
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Project are:  Xcel Energy, Great River Energy, Western Minnesota Municipal 
Power Agency (“WMMPA”)4

The Ownership Agreement governs most of the rights and obligations 
of the Project Owners, as funders of the construction of the project facilities 
and as owners of the completed and energized facilities.  Except for the 
Monticello Substation and Quarry Substation assets, the Project Owners of 
Fargo Phase 1 will own all property interests in the Facilities (defined as the 
transmission lines and associated real property) as tenants-in-common in 
undivided ownership interests.  The assets of Quarry Substation and Monticello 
Substation will be owned individually by Xcel Energy. 

, ALLETE, Inc., d/b/a Minnesota Power, and 
Otter Tail (collectively “Project Owners”).  Collectively, the agreements create 
a binding obligation that each owner will fund construction, operation and 
maintenance of the Fargo Phase 1 Project up to their allocated share. 

The Project Owners have elected the following ownership percentages 
in Fargo Phase 1: 

Xcel Energy              36.1% 
Great River Energy  25.0% 
Minnesota Power  14.7% 
Otter Tail Power  13.2% 
WMMPA  11.0% 

The Project Owners have begun construction activities on this Project 
and are expected to meet a 4th quarter of 2011 in-service date. 

The second ownership election will be for the segment of the Fargo 
Project from St. Cloud, Minnesota to the Fargo area in North Dakota (“Fargo 
Phase 2”).  The decision whether or not to invest in the construction of this 
segment of the Fargo Project will be made after all major permits necessary to 
begin construction of Fargo Phase 2, including this CPCN, have been obtained. 

                                           
4 Missouri River Energy Services (“MRES”) has been a participating CapX2020 utility from 
the commencement of these proceedings.  Under the Project Development Agreement, 
MRES held rights to as much as 11% of the Fargo Project.  MRES chose to assign its rights 
to its affiliate, WMMPA.  While WMMPA will be the owner of a share of Phase 1, it will 
continue to be affiliated with MRES and the overall utility operations are unchanged. 
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Terms for the construction, management, ownership, operations and 
maintenance of Fargo Phase 2 are likely to be similar to those for Fargo 
Phase 1. 

B. The Fargo Project  

The overall length of the Fargo Project will be approximately 210 to 270 
miles with anywhere from seven to sixty miles in North Dakota depending on 
the route selected.  The Participating Utilities intend to construct the Fargo 
Project in segments from South to North.  Xcel Energy will comply with all 
requirements of N.D.C.C. Ch. 49-22 for the routing of the North Dakota 
segment of the Fargo Project and siting of the new Bison Substation in the 
Fargo/West Fargo area. 

The first segment of the Fargo Project will include a 345 kV circuit 
between Monticello Substation on the Monticello Power Plant site in 
Monticello, Minnesota to a new substation (Quarry Substation) on the western 
side of St. Cloud, Minnesota routed through an expanded substation in the 
Alexandria, Minnesota area (Alexandria Substation).  This segment will be 
approximately 90-120  miles long depending on how it is routed. 

The second segment will be a 345 kV circuit between the Quarry 
Substation and a new substation in the Fargo area (Bison Substation).  The 
Company respectfully request that any CPCN issued from this Application 
include authority to construct the Bison Substation in the Fargo area.  This 
segment will be approximately 120-150 miles long depending on how it is 
ultimately routed.  Figure 2 depicts the general location for the proposed new 
Bison Substation.
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Figure 2 Bison Substation Location 
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The Participating Utilities plan to construct all segments of the Fargo Project in 
a “double-circuit compatible” configuration.  The double-circuit compatible 
configuration will consist of a single 345 kV circuit on steel single pole structures 
capable of accepting a second 345 kV circuit in the future.  This “upsizing” or 
“double circuit compatible” approach will maximize the use of rights-of-way and will 
offer a cost-effective way to increase future capacity.  The double-circuit compatible 
configuration will also allow for future capacity additions to the bulk power network 
on existing structures within existing rights-of-way instead of on new structures in 
new corridors.  This helps to mitigate proliferation of transmission corridors and is a 
prudent expenditure in anticipation of future needs.  Since most of the benefits of a 
second circuit can not be realized until other future transmission projects occur, the 
Participating Utilities determined that the most prudent option is to install larger 
structures now that are capable of carrying the second circuit at some time in the 
future as circumstances warrant, subject to Commission approval.  The Fargo Project 
is depicted in Figure 3.
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Figure 3 Fargo – Twin Cities Project Map 
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C. Project Timing and Costs 

The Fargo Project is scheduled to be constructed sequentially from the south 
to north.  It is anticipated that the Monticello to St. Cloud segment will be in service 
in 2011; the St. Cloud to Alexandria segment in 2013 and the Alexandria to Fargo 
segment in 2015.  These dates are approximate and subject to change depending on 
permitting and other contingencies.  The cost of the entire line is estimated at 
approximately $500 to $750 million. 

VI. PROJECT NEED 

The CapX2020 Utilities have identified three needs that will be met by the 
Fargo Project.  First, the Fargo Project will enhance community service reliability in 
the Fargo and greater Red River Valley area which includes substantial parts of eastern 
North Dakota.  Second, the Fargo Project will increase transmission capacity to 
facilitate generation additions in North Dakota.  Third, the Fargo Project will provide 
necessary transmission facilities for the projected increase in the demand for 
electricity in the region. 

In developing this proposed transmission addition, Xcel Energy and the other 
CapX2020 Utilities relied on the Vision Study as well as the conclusions of a regional 
study, the Red River Valley Area/Northwest Minnesota Load-Serving Transmission 
Study 2006 (“TIPS Update”), that was conducted by the CapX2020 Initiative.  The 
Vision Study assessed the system from a high level and helped develop proposals for 
larger regional needs.  The TIPS Update analyzed specific load serving issues.  It 
analyzed several alternatives to the Fargo Project and determined that the Fargo 
Project is the best configuration to meet all identified needs.  The Alternatives 
Analysis and the TIPS Update are attached as Appendix A.  The TIPS Update 
provides the primary engineering support for the Fargo Project.5

                                           
5 The TIPS Update is one of several studies performed by the CapX2020 Utilities as a refinement of 
the CapX2020 Vision Study (“Vision Study”).  The Vision Study is attached as Appendix B.  Based 
on the Vision Plan, the CapX2020 Utilities concluded that a series of new transmission lines are 
needed to maintain the reliability of the electrical system as the demand for electricity grows. 

  Together with the 
Vision Study, the TIPS update supports the overall Fargo Project as a necessary and 
important addition to the regional transmission system. 
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A. Community Reliability Needs 

In the TIPS Update, planning engineers examined the performance of the 
electrical system serving the Red River Valley area.  Geographically, that system serves 
not only the immediate Red River Valley area, but encompasses parts of North 
Dakota extending west to Jamestown and Devil’s Lake, and parts of Minnesota as far 
east as Bemidji, Park Rapids, and Alexandria.  Figure 4 shows a general depiction of 
the electrical service area of the Red River Valley. 

Figure 4  Red River Valley Area 

 

The ability to meet community service reliability needs justifies the granting of a 
CPCN for the Fargo Project.  As the population increases, over reliance on the few 
high voltage transmission lines in the area will not provide consistent, high quality 
electric service to eastern North Dakota.  This is especially true should a contingency, 
like the loss of a transmission line, occur. 
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Approximately 15 high voltage transmission lines are located in the southern Red 
River Valley area.  The primary power source in the area is the 345 kV Center – 
Jamestown – Maple River transmission line, which connects generation-rich central 
North Dakota with the load centers in the eastern part of the State.  The remaining 14 
high voltage transmission lines are 115 kV and 230 kV.  Figure 5 conceptually depicts 
the power flows associated with the southern zone of the Red River Valley area.  The 
loss of the Center – Jamestown portion of the Center – Jamestown – Maple River 
345 kV line severely limits the capacity of the transmission system in the Red River 
Valley area as it is the only 345 kV connection between generators in central North 
Dakota and the communities of eastern North Dakota. 

Figure 5 South Zone of the Red River Valley area and Flows on High Voltage 
Transmission Lines  

 

With the Center – Jamestown – Maple River 345 kV line out of service, all load 
in eastern North Dakota must be served by the existing 230 kV network, which will 
not be able to reliably support the additional power flow.  The TIPS Update found 



19 

that placing more than 1,360 MW of power on the 230 kV and 115 kV lines causes 
unacceptably low voltages to occur in the vicinity of Enderlin, North Dakota.  In 
addition, the loss of the 345 kV line causes overloads on the Fargo – Sheyenne 
230 kV line.  As the system is currently configured, when load surpasses the critical 
level and contingencies occur, system operators will be forced to mitigate these 
overloads and voltage issues by running local peaking generation in smaller towns and 
interrupting service to customers.  Service interruptions typically could affect the 
eastern portion of the state, including Fargo and the surrounding area. 

Figure 6 shows the electrical system in the area and the resulting low voltage 
area when the Center – Jamestown 345 kV connection is lost.  The low voltage area 
depicted is the approximate area that results under contingency when the South Zone 
of the Red River Valley area reaches about 1,360 MW of peak load.  If the capacity of 
the existing transmission infrastructure is not improved, the resulting low voltage area 
will continue to increase in size. 

  Figure 6 Center – Jamestown 345 kV Contingency   
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The need for the Fargo Project is further demonstrated by the fact that the Red 
River Valley area has experienced unplanned loss of the Center – Jamestown segment 
multiple times in the past.  In 2005, the line was down for 34 hours on November 28-
29, 2005, during a three-day snow and ice storm that moved through the Upper 
Midwest bringing freezing rain mixed with snow and wind gusts up to 50 miles per 
hour.  The three-day storm caused outages on 57 different lines and caused service 
interruptions to nearly 50,000 customers in North Dakota, Minnesota and South 
Dakota, including forced interruptions made to reduce loading on overloaded 
facilities.  In 2006, there were 17 outages of the Center – Jamestown segment.  In 
March of 2007, there was an unplanned outage of the Center – Jamestown segment 
which occurred because of a problem with the Center 345/230 kV transformer. 

Reliability in the Red River Valley area will also be impacted by load growth.  
The southern portion of the Red River Valley area has experienced population growth 
that has increased the demand for electricity.  For example, according to the U.S. 
Census, the population of the Fargo-Moorhead Metropolitan Area, the largest load 
center in the Red River Valley area, has grown from 145,000 people in 1985 to 
187,000 in 2006, a 28% increase.  This trend is expected to continue beyond the next 
decade.  In the foreseeable future, the demand for electric power in the Red River 
Valley area of North Dakota and Minnesota will reach levels that cannot be reliably 
supported by existing transmission lines. 

The capability of the electrical system serving the southern Red River Valley 
area, a winter peaking area, was studied in the TIPS Update.  Planning engineers 
began their evaluation with the actual system peak in the southern Red River Valley 
area in the 2003/2004 winter period, which occurred on January 30, 2004.  On that 
date, the system loadings reached 1,030 MW with 350 MW of demand identified 
beyond the system peak.  At this same time, 50 MW of load was interrupted as part of 
utility load management programs.  In other words, the total demand on the system 
was approximately 1,080 MW until service was reduced by 50 MW, lowering the total 
demand to 1,030 MW.  Planning engineers then calculated the maximum load that 
could be supported.  The TIPS Update concluded that the transmission system could 
reliably serve an additional 330 MW of demand beyond the peak observed in 2004 or 
approximately 1,360 MW total. 

The Transmission system must meet the highest possible peak demand for 
power.  If the system has adequate capacity under peak conditions, it can operate 
reliably during periods of lower demand.  To determine peak demand, planning 
engineers gathered actual individual substation peak loads for 2002 - 2006 and 



21 

forecasted individual substation peak loads through 2020.  To estimate annual system 
peak loads in the southern Red River Valley area, a 77% adjustment was applied 
(“Load Adjustment Factor”) to the sum of the individual substation peak loads 
consistent with the relationship between the sum of the peak substation loads and the 
2003/2004 system peak.  This Load Adjustment Factor was developed by planning 
engineers who gathered the actual system coincident peak loads in the southern Red 
River Valley area for 2003/2004 and compared them to the individual substation peak 
loads.  The mathematical relationship between the actual 2003/2004 southern Red 
River Valley area coincident system peak (with interruptible loads interrupted) and the 
sum of the individual peak loads was 77%.  In other words, the system peak load was 
77% of the sum of the individual peak loads. 

Appendix C shows the actual annual peak demand for power at each substation 
in 2005 and provides a forecast of annual peak demand at each southern Red River 
Valley area substation for 2010, 2015, 2019 and 2020 and forecast southern Red River 
Valley area coincident peak load (South Zone of the Red River Valley area Winter 
Peak Load Total with Load Adjustment Factor).  The forecast confirmed the TIPS 
Update’s conclusion that the southern Red River Valley area could exceed the 
electrical system capabilities in the 2016 to 2019 timeframe.  Absent further 
transmission infrastructure improvements, the communities in the area will be at risk 
of service interruptions when demand will outstrip the capabilities of the existing 
transmission infrastructure.  Applicants’ double-circuit compatible configuration 
allows for further capacity to be added to the transmission system as demand 
continues to grow beyond the 2020 time horizon. 

The Fargo Project will allow approximately 350 MW of additional load to be 
reliably served in the Red River Valley area. 

The configuration of the Fargo Project was determined based on the need to 
provide reliability benefits to the Red River Valley area.  An endpoint at a Fargo area 
substation was chosen because a 345 kV connection to a Fargo area substation 
provides reliability benefits to the Red River Valley area by providing an additional 
bulk-power transmission source into the region to protect against projected 
deficiencies caused by contingencies such as the loss of the Center – Jamestown – 
Maple River 345 kV transmission line.  The loss of Center – Jamestown – Maple 
River 345 kV transmission line limits transfer capability into the eastern portion of the 
North Dakota from the generation in the central portion of the state. 
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The selection of the Minnesota endpoint for the Fargo Project was partly based 
on the reliability benefits to the Red River Valley area.  A 345 kV source from the east 
will enable generation from the east to flow to the Fargo area.  This will relieve the 
stress placed on the 230 kV network in North Dakota to deliver all of the power 
necessary to serve the Red River Valley area, particularly under contingency 
conditions. 

The Fargo Project will provide community reliability benefits in the Red River 
Valley area and surrounding communities.  Figure 7 shows the areas that will be 
benefited. 
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Figure 7 Fargo – Twin Cities 345 kV Load Serving Benefit Areas 

 

B. Generation Outlet and Support 

The TIPS Update indicates that the Fargo Project will provide approximately 
350 MW of outlet capacity for new generation, thus facilitating the expansion of 
North Dakota based generation resources.  The Fargo Project will create additional 
generator outlet capacity in North Dakota, a state that has significant generation 
development potential.  The double-circuit compatible configuration of the Fargo 
Project will also allow for future expansion of this system capacity. 

1. Increasing North Dakota Export (“NDEX”) Limit 

Large scale generation projects are often not constructed near the load that will 
consume the electricity generated.  For example, North Dakota currently has 
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substantial generation based on traditional fossil fuels and has rich wind resources that 
can be developed.  However, North Dakota’s loads are not large enough to absorb all 
of the electricity that is (and can be) generated within the state.  The ability to export 
generation out of North Dakota is constrained by limits on the existing system. 

Currently, transmission outlet capacity from North Dakota is limited in part by 
the NDEX limit – a continuous electrical boundary around northwestern Minnesota, 
southeastern North Dakota, a part of South Dakota and Montana that has a 
maximum generation outlet capability.  The NDEX limit establishes the maximum 
amount of power that can be exported from North Dakota without adversely 
affecting system reliability.  The electrical boundary between North Dakota, 
Minnesota and South Dakota has been identified by the Department of Energy as a 
congested area.6

The Fargo Project is expected to increase transfer capability across the NDEX 
by approximately 350 MW or more depending on the size and location of generation.  
When the Fargo Project is combined with the development of the other CapX2020 
Group 1 Projects, the transmission development by the CapX2020 Initiative should 
result in an overall incremental increase to NDEX of 700-800 MW.

  Additional generation cannot be developed without additions to the 
NDEX limit. 

7

The Fargo Project is an integral component of the Group 1 Projects, which are 
designed to work together to link the western portions of the upper Midwest to 
regional energy markets in the east.  The Fargo and Bemidji Projects work together 
with other system additions that make up the Group 1 Projects to increase outlet 
capability from North Dakota.  The Fargo Project’s ability to increase the NDEX 
limit will allow access to and support for generation located in North Dakota, which is 
needed to help meet growing demand region wide. 

  This increase in 
the NDEX limit will increase the amount of generation that can be supported in and 
exported out of North Dakota by increasing the capacity of the transmission system 
to move energy between North Dakota and the rest of the transmission system 
further east by several hundred megawatts. 

                                           
6 National Electric Transmission Congestion Study, Executive Summary, p.3, U.S. Department of 
Energy (Aug. 2006). 
7 The Bemidji Project is expected to increase NDEX by 100 MW.  The combination of building 
both the Fargo Project and the Bemidji Projects result in an approximately 550 MW of NDEX 
increase.  The Brookings Project will result in further increases to NDEX. 
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Further, the Fargo Project (in conjunction with the other Group 1 Projects) is a 
necessary prerequisite for subsequent transmission projects that will further increase 
the capacity of the system to receive even larger amounts of generation from North 
Dakota.  The Fargo Project also provides for future additional increases to the NDEX 
limit due to its double-circuit compatible configuration. 

2. North Dakota Generation 

The additional generation outlet provided by the Fargo Project will help 
facilitate development of North Dakota generation.  North Dakota has substantial 
capacity to increase its generation portfolio if it has sufficient transmission capacity to 
export the generation to regional load centers.  Among its many types of available 
generation, the U.S. Department of Energy describes North Dakota’s wind resources 
as good to excellent and consistent with utility scale production.  North Dakota has 
an unparalleled opportunity to develop its wind energy potential if additional 
transmission is built. 

Developing North Dakota’s wind resource will be a significant vehicle for 
economic development in the State.  A report prepared for the North Dakota 
Division of Community Services concluded that North Dakota is motivated to 
become a leader in wind-generated electricity.  This motivation includes an 
opportunity to contribute to the general economic development in the state with 
short- and long-term jobs, investments, landowner income, operation, maintenance 
and manufacture.8

Further, regional utilities are now required or encouraged to supply additional 
electricity from renewable sources.  For example, North Dakota and surrounding 
states all have renewable energy goals and requirements.  North Dakota lawmakers 
passed the Renewable and Recycled Energy Objective that established the goal of 
achieving ten percent of retail electric sales from renewable and recycled energy 
sources by 2015.  N.D.C.C. § 49-02-28. 

  In fact, in April 2005, North Dakota passed legislation designed to 
accelerate production of wind energy and other renewable resources, as well as to 
enhance transmission infrastructure necessary to get the energy to market.  The Fargo 
Project can be considered a good first step in expanding the transmission 
infrastructure necessary for the development of generation in the state. 

                                           
8 PanAero Corporation, Wind Energy in North Dakota, Executive Summary (1999). 
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The Fargo Project is a significant step in the development of further 
transmission capacity in North Dakota and for the development of wind based 
generation.  Moreover, the double-circuit compatible configuration provides a base 
for the next step for additional outlet capacity by allowing additional expansion of the 
Fargo Project in the future. 

VII. COMMUNICATIONS AND SERVICE 

Xcel Energy requests that the following persons be placed on the 
Commission’s official service list for all official communications in this case: 

James Alders 
Manager of Regulatory Projects 
Xcel Energy 
414 Nicollet Mall, 7th Floor 
Minneapolis, MN 55401 
Phone:  (612) 330-6732 
Fax:  (612) 330-7601 
Email:  james.r.alders@xcelenergy.com 
 

 Matthew Loftus 
Assistant General Counsel 
Xcel Energy 
5th Floor 
414 Nicollet Mall 
Minneapolis, MN 55401 
Phone:  (612) 215-4501 
E-mail:  
matthew.p.loftus@xcelenergy.com 
 

Zeviel Simpser 
Briggs and Morgan, P.A. 
2200 IDS Center 
80 South Eighth Street 
Minneapolis, MN 55402 
Phone:  (612) 977-8656 
E-mail:  zsimpser@briggs.com 
 

  

 
VIII. CONCLUSION 

The public convenience and necessity call for the construction of the Fargo 
Project.  The Fargo Project will provide:  (1) community reliability benefits for eastern 
North Dakota; (2) a significant step in providing additional generation outlet to 
support North Dakota’s development of its wind and other generation resources; and 
(3) support to the expected increase in the demand for electric energy forecasted for 
the eastern portion of North Dakota. 

The Company respectfully requests that the Commission grant a Certificate of 
Public Convenience and Necessity for the Fargo Project.  The Company further 
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requests, pursuant to N.D.C.C. § 49-03-02, that the Commission grant the requested 
CPCN not more than 20 days after a notice of opportunity for hearing issued in this 
proceeding, if no party requests a hearing. 

 
 
 

[SIGNATURE PAGE FOLLOWS] 
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Respectfully Submitted, 

·~A1Jt~~ 
James R. Alders' 
Director of Regulatory Administrn.tion 
Xcd Encrb'Y Services Inc. on behalf o f 
Northern States Power Company 
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1.0 Executive Summary 

The northern portion of the Red River Valley electric transmission system (Diagram 4.0.A), 
speclfic:!lly the BemldJlICass Lake V1Cllllty, needs transmission Improvements In the near tenn. 
Dunog winter peak load conditions, the area will bc deficient within the next few years with 
respect 10 first contingency (N-l) and IS cliI'ITnt ly dcfic!C:nt for second contingency (N·l) IOlld
serving capability. The deficiency is based on the identified inabi lity to maintain post-contingent 
voltages above apphc3blc cnteria, primanly In the Bemldjl/C:lsS Lake vlcmlty. dunng N-I 
condilLons. This study concluded that the addition of a Bemidj i-Boswell 230 kV line IS the 
transmission II ltcrnalivc that prOVides the best [ong-t+.:rm solulion for these dcficicnci~s. A 
~eparate ~tudy l~ bemg conducted to evaluate the ablhty of additlemal local generation to 
eliminate these deficiencies. In the interim, the addition of reacti,·e capability in the Bemidji 
area--such as a Static V AA Compensator {SVCl or possibly last-switched shunt capacitors--wlll 
support voltagcs until a long-tenn solution (a transmission linc or generator addiuon) can be 
constructed and placed In service. These ITaCi!ve supply addillons Will contmue to provide 
useful dynamic voltage regulation following the 130 kV line addition . 

The Gl1lnd Forks portion of the Red River Valley has adequate amounts of reactive power supply 
capablhty, but durm;; second contingency (N-:!) condillons, the eXist ing capacitor banks at the 
Prairie substation J fe too large to ensure successful trJ11.!iltlon tO.l susl.lllJble post-contingency 
condition, The addi tion of 1.1 ml)ucratc-si;o:cd SVC at thc Prairic Substation would enhance the 
eXlstmg npacltors' effecllveness at preventing voltage collapse under such condItIOns. Llkc the 
Bemidji area reactive support. th is Prairie SVC would also provide long-tenn regIonal load
serving and dynamic stability benefits in addition to the immediate local Ix:ncfi ts. Both SVCs 
are envISIoned to Ix: of approximately ±60 MY AR catmg. but more-detailed analySIS wlLlIx: 
requm:d to propa-ly sIze iiIld coordmate thest: rl'llChve mstalllltions WIth the e;'C.Jstmg tr;m~mlSSlon 
system. 

The southern portion oflhe Red Ri"er Valley needs shunt cOJpacilor additions in the 
Audubon/Hubbard Minnesota; Jamestown. North Dakota: and Alexandna, Mmnesota vlcmllies 
to help support posi-contingent voltages during single contingency conditions. until .I long· term 
transmission improve:ll1<!nt erullx: added. The most effel'liv~ long-term solution IS a Fargo-St. 
Cloud .\45 kV Ime. as II Ilr0vldes a ncw hlgh-eapaeHy tranSmiSSIOn source 10 the Ret.! RIver 
Valley m general, and to the Alexandria load center In partICular. Th~ BemldJl·Boswell130 kV 
linc, if constructed fi rst. would auo hclp augment Southern Region load-serving capability until 
the 345 kV [inecan be built into the area. Ultimately, both new lines are recommended for 
developmg and maintammg adequate N-l and N-2 load-servmg eapablhty III the Red River 
Valley. 

The Fargo-SI. Cloud 345 kV line provides signifkantl oad-serving capability for the Red River 
Valley, the A lexandna. and the: St. Cloud load centers. In addlt10n to provldmg a much needed 
bulk supply source for Alexandria, it also would satisfy St. Cloud load-serving requirements if 
roUled along the west side of SI. Cloud and termmatt:d al Monticello or Sherburne County 
Generatmg Stalton ("Sherco"',. Based {On {O ther sludu:s. IllIs SI. Cloud load-servmg Ix:nefit IS 
Signifi cant smee the SI. Cloud 115 kV loop is known to he in net:d ofreinforc.:menl. 

3 
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In addition to the improved load-serving capabil ities provided by the recommended BemidJi
Boswell 230 kV line, the Fargo-SI. Cloud 345 kV line. and the Willon and Prame SVCs, these 
transmiSSIon facilities also yie ld an incIdental Increase In the North Dakota Export ("NDEX") 
stability limit. However, it should be understood that the need for these tran~miss ion lines is 
based on load-serving requirements aDd that the increase in NDEX IS a secondary benefit ofthe 
proJ~ct. 
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2_0 Background & Scope of Study 

The CapX 2020 planning effort has l,lfldcrtaken two technical studies on major tr.msmission 
facilities needed in Minnesota. The "Vision Study" provided a conceptual framework for 
coordinated statewIde transmIsSion Improvements. while the "Red RJver Valley Study" IS 
intended to provide detailed infonnatioll on integrating specific components ofthe Vision 
Srudy' s overall find ings In the comext of the specific local toad-serving needs and other n:levant 
considerations 'I1lc ba~i~ uf this study is the Red River VaHey I West Central Minnesota 
Transmiss ion Improvement Planning Study (RRV I WMN TIPS, hereafter referred to as the 
"TIPS" srudy) that was initiated during the year 2000. The TIPS study revealed load-serving 
reliabi li ty issues in west-central Minnesota and ~astcm North Dakota in the ne<.lr future In 
addlt,,:m, th~ recent MISO Northwest Exploratory and WAPA Dakotas Wmd srudles touched 
upon this region in their evaluation of furure bulk transmIssion options and exi sting gencratlon 
outlet c~p~ bi l jty. D i~gram 4.0 A shows the Red River Valley electric transmis.ion system that 
was evaluated for this study. 

This present study Is:m update and extension of me TIPS study. This study was perfonned as a 
load-serving srudy to identify the clectnc transmIssion system improvements that would be 
reqUIred 10 accommodate future load growth m tht' Rt'd RIVer Valley (RRV) and Northwestern 
Mlllllcsota: pri ncip~l load centers include: 

• Alex~ndna, MN • DeVIls Lake. ND 
• Bemidji. MN • f argo. NO 
• East Grund Forks. MN • Grand Forks. ND 

• Moorhclld. MN • Jamestown. ND 

• Park Rapids . . MN 

• Walker. MN 

ThIS study' s analysis goes further than the Til'S srudy by identifying. in gre,lter detail. 
transmiSSiOn improvements to the power systcm to reliably supply furore load growth A 
sl'parate .nudy IS being conducted to dClimrunc whclh.::r Ihc additiOn of local area generatlon can 
d iminate the need for the tmnsmission additions identified In thiS study In a rchable, cost
effective manner. The teehrtical analysis and reflOn compilation wa~ performed by the staff of 
Exeel Engincering. Inc. on 1:oehaLf of its non-affiliated clients. Great River Energy. Minnesota 
Power. MISSOUri RIver Energy ServIces, Oner Tal l Power, and Xeel Energy, which arc the 
~onlr.1ctlng partIes rcpre!.Cnting the group of area power suppliers. 

The stt'ady-stat ... analySIS was perfonned using a MAPP lCXi4 Sene. 1009 summer pClIk model 
along with a wintn peak powerf]ow mod ... l dtvdoped for this analYSIS. The wmter peak mood 
has a. high negative (south-to-nonh) M~nitoba Hydro Export (--MHEX") of -700 MW. wm;istent 
with past plauning studIes used to esta.blish power system design criteria 

Power syslem perfonnanl.;t' wa.;; evaluated with respect 10 meetmg steady-state performance 
criteria of the NERC Reliability Standards' Categories A -C. This cOlTespond~ with the generally 
recognized utihty practice of ensuring satisfa.ct("lry perfonnance (ability to reliably ~erve lIl1 firm 

, 
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load) during system inta~1 amI fiTht- conling~ncy ("'N-l ") conditions. with .orne localized planned 
loss of load or generation re-dispatch being acceptable for subsequent disturbances (second 
contingency -- "N-2", or "breaker fallure" rype occurrences. NERC Category C SIand3rd allow'S 
for some dropping of load. but that was not invoked for IhlS study. 

Incremental demand (MW) losses were tabulated. to identify whether significant Increases or 
decreases in electrical losses might anse from aay (If the transmiSSIon addillons Wldcr evaluation. 

Th.:- dyn,mllc stablhty analysis W3S performed using the 20U3 Northern MAPP Operating ReVIew 
Workmg Group (NMORWG) Wm",:r I Summer stabIlity package which used both 3. wmter peak 
model with northward transfers and a summer ofT-peak modo::! With high southeastern transfns, 
consisteD! with northern Mid-Continent Area Puwer Pool (MAPP) planning and operating 
crite ria 
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3.0 History 

The bulk electric transmission system in the Red River Vallcy I northwestern Minnesota area 
consists of a 2]0 kV network. m:arly all of who~e power supply is from remote generation 
sources. The nearest generation resources from an clcctIlcal perspective COf1S\St ofbase1o<ld 
gener.ltion in the North Dakota coalfields and in M,m itoba. Due [0 th is geography, power flows 
through the Red River Valley region are typically west-Io-east lind north-to-south. However, 
heavy south-tn-north flows are possIble during adverse hydIologlc conditions, particularly dunng 
the winter season, when Manitoba loads arc :lI their hlghes!. Long-term power purchase and 
capacIty exchange ag~mcnls between Mani toba Hydro and U.s. POW,"T supplins require that 
adequate transmission capability be ffi:l intained to enable both northw!lrd and S<'Iuthward power 
transfers at all hmes of the yi':!.r. 

Load-servin}; o:;apabll ily m the Red River Valley (RRV) region is presently constrJined primarily 
by post-cuntingent volt:!.ge eondlhons (rather th:!.n Ime or Ir:msfonner loadmgs) for both local 
and remote transmiSSIOn contingencies. These include the following: 

Cunlin};cncy within Red River Valley 

WIl ton-Winger ::;30 kV LlIlc Outage 

ContingenGies or the local lines that connect 10 t~ gencratinn i(leated to the north and west : 

North: u lellier-Drayton-Prairie ~30 kV Line Outage 
West. Balta-Ramsey-Prairie 230 kV Linc Outage 

lamestown-Plekert-Gr:md Forks-Prame 230 kV Line Outage 
Jamestown-Fargo ::;30 kV #1 & 2 Line Outage 
Center-hmestown-Buffalo-Maple River 345 kV Line Outage 

Remott' contmgency : 

Dorsey-Roseau Co-Forbes 500 kV Lme Outage 

The most severe local ~mgle contmgency is the oul.:l.ge of the Center-Jamestown-Buffalo-Maplc 
River 345 kV hne. which is the highes\-(;apacity ti e to the coalfield~, whi le the rclev,1n, remote 
contingency is outage of the Do~y-RoseJu Co-Forbes 500 kV line. Outage of th is 500 kV 
circuit dwing northward fl ow condi tions impresses ~Ignifieant '"throughl1<:\w" on the Rl.'d River 
Valley 's transmIssIon system. ThIS resultant stcp mcrcasc m Red River Valley hne loadings 
during this and other severe (ontmgen(lcs (dUse large increJ~C1; in redc.tive power consumption. 
which can lead 10 vollllgc collapse if insufficient reactive power supplies are available 

The Mani toba-Minnesota Transmission Upgrade ,l>1MTUI ProJcct ( 1995) addrc~scd the '"post-
500 kV outage" condition with extensive shunt capacitor installations at the PrJirie Substat ion 
(Grand Forks. NO: 12 .'( 40 MVAR), the Sheyenne Substation (Fargo, NO: 5""( 40 MVARI, and 
the Ramsey Subst:t!Jon (DeVIls L!lke, NO: 1 x 3D MY ARI. These fan lllles proVIded the reac!Jvc 
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support necessary in the Red River VlIlley to establish a 500 MW northward transfer capability. 
However. by the latc 1990s continucd load growth in the Red River Valley area had caused a 
degradation arthis northward capability. as had bet:n predicted by the MMTU studies 

The Harvey-Glenboro 230 kV project (2002) established a new Mamtoba-U.S, intcrconner;aion 
from ccntmL North Dakota ( Harv~y) to southwestern Manitoba (Glcnboro). This add ition:!.1 
23.0 kV mlcn:onnectlOn between Mamtoba and the Umted St<lles enahkd an mcn:ase In the 
northward transfer limit to 100 MW' since there are now three 230 kV tic lines to support the 
total U.S.7Manitoba interface loadin!; following loss of the DorsC'y-Roscau CO.-Forbes 500 kV 
line 

The H:trvey-GJenooro development also included the addition cfthe Balta Switching Station at 
the intersection oflhe new Harvcy-Glcnboro 230 kV line and the existing McHenry-Ramsey 230 
kV line. and the Rugby 230/11 ~ kY transfonuatioll approximatdy 20 illlleS north of B.lit.l. 11", 
B:1ita sWltehmg statIOn Improves secllonahzmg cJ.pabllity of the transmission system and 
includes three 60 MVAR shw"it t ~pac itor banks, which help in ~upporting tran ~m i ssion system 
voltage during heavy loading conditions 

Although the Harvcy-GlcnbQro projcd did nOI brmg a new tr:msmission source into the Red 
River Vall~y. it indirectly improved the Red RiVer Vll11ey load-serving capabi lity by 

• prOVldmg an :tdchtJonal p:tf:tllei p:tth for the Ilolthward throughflow following a loss of 
the 500 kV line; 

• Improving the secllotlalizatlon of the 230 kV system: 
• addmg the Rugby 2301 115 kV transfonn:tllon; 
• adding reactive power supply at Balta. 

The TIPS study concluded that load growth In the Red River Valley renderll the eXlstmg 
transmission system inadequate to satisfy localload-scrvmg needs, Tbe study rcport's short
term rceommendati .... ns mduded improvement of distr ibution syskm power factor, installat ion of 
addlllonal1 15 kV shunt capacitor banks, and installation of additional 230/1 15 kV tran~f(>nner 
capacIty. Most of tht'se recommt'ndt'd "short-tt'rm'jroJeets :tre under way or completed, most 
notably : the Hubbard 115 kV capacitor bank : the Z Maple: River 230/ 115 kV transfonner; the 
2T>Ci Wilton 230/115 kY transformer: the reconductoring of tbe lIS kV Imc between Grant County 
and [)(,uglas O;'unty ~ut>~tatl{'ns; and the rcronduc\{'nng of the Farg{' 115 kV system. 

The TIPS study further concluded that long-term powe.r supply needs would require addition of 
n('w bulk power transmission lines into the R~d River Valley area The study specifically 
IdentIfied a BemIdji (Wllton)-Boswell 230 kV Ime and a !1argo-Alcxandrm-St. Cloud 345 kV 
lme as being the most promising developmems. These two lines were identified as principal 
features of thc rceommendcd long-range plan because they would S:t llsfy Red River Valley 
regional rchablhty neelis, whIle aho !lddrcssing the more loc:tli:1"Cd load-serving deficiencies 
specific to thc BemidJI, Alexandrm, and 5t. Cloud load centt'rs . 

I Although the northw3N Dnlgn Tran5f~r CapabIlity (DTC) waS 700 MW, MISO ha. ",,,colly Impk"",otcd ~ 
scheduling lim't "rS50 MW. Th . siully effort d~"CriMd in t~ '" ~n c:unnned pOW~T SY5~m pe.rolTn,,"cr at thr 
700 MW nonilw;ud nanste! le~e l; testing ofl"'rfonnill1'( at the ~50 MW lev. 1 wou ld yield hI S" .... p<Ht-<onlln),\cnt 
loa.:b ng. and hilliler ",,,,,tov. power ""'Iu l"'''I<Cnl.\ 
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The CapX 2020 Vision Study i dent ifi~d a need f(lT over 8000 MW of generation additions during 
the 2009-1020 time period in order to satisfy gencrallng capacity requirements ansmg from 
continued load growth ill MInnesota and electrically adjacent areas. That study conduded that a 
Fargo-St. Cloud 345 kV and a Bemidj i-Boswell 230 kV line were both among the conceptual 
bulk transmissIOn faCilitIes common to al1 the different future gcnt:ration sccnanos examined, 
bCI;;Juse they were effectIve in providing the deSIred generatIon oul l ~t while also addressing the 
Identified local load-serving reliJbil ity needs. It i~ important to note that the CapX 2020 
tr~nsm i s~il'n analysi~ examined only bulk (230 kV and ahovc) system upgrades and did not 
attempt to detennine detailed characteristics of optimal transmission configuratIOns to address 
cvery identified IOdd-servutg deficleocy. 

ThiS pre!)ent Roo RIVeT Valley/Northwt.'"stern Mmnesota load-~ervmg study is mtcndcd to budd 
upon the results of the TIl'S ~nalys is, to determine tbe details of load-serving transmiSSion 
improvements for this region. while utilizing the valuable fmdings denved from the CapX 20.20 
srudy effort With rCspl'ct to bulk power sys tem dcvt lopml'nt considl'T:ltions This study 
addresses the followmg tOpiCS: 

• Identification of the existing transmission system's inadequaCIes; 
• FormulatIOn of tTanSntlSSlon Improvement options; 
• Evaluation of trJ.nsmission opti on~' dfectiveness, cost, ;rnd practicality; 
• Development of Recommended Plan 

9 
"",pendi ... oJ 

.. ~torTlllw34~ 'VPIOjeCt!. 
E'«)2ICN.()6·1m 



42 

J 
1 

II 
o 
U 
Ii 
I! 
I' .' 

II 
II 
.. , 
U 

u 
, I 
I; 

I, I 

I , 
U 

_ . .., 
A~Ioln""1'lno ~~ kV~ 

E~111~ 



43 

• 

4.0 Analysis 

4.1 Data Collection 
ThIs study was broken into three study areas. which conSist of the northern region (North Zone), 
southern region (South Zone), and the enllre Red R1\'cr Valley North ..... estern Minnesota region 
(Combmed Zone) as shown In Diagram 4.0.A. In order \0 refine the &tandard MAPP models, a 
data collel::tion effort was deSigned to review hlsloncal powcrflow d3ta al summer peak lind 
"" mltr peak conditions within each zone. Real-lime powcrl1ow data was received from the 
various utilities for the time period between October 2003 and October 2004 to more: acc:u["lI.tely 
calibrate the available powerflow models IIg01ll5\ real·world conduions. This dala consisted of 
tie-hne 110ws and gcncrntion data for each zone on an hourly basis. This infonnation enabled 
dctcnnination of the peak load and losses for both the winler peak and summer peak lime 
pcnods . 

, 
l 

- \ 

Diagram 4.0.A - Red Rivcr Vallcy Study Ares 
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Below I~ a listing of all tie-lmes for each efthc rorudy zones. Thew: boundaries were w: lected in 
consideration ofthc: natural electrical divisioos e'l(isling m the Red River Valley I Nonhwestc:m 
MiMcsota study area. 

" Nortb ZonC'~ Boundary "Comhined ZAl nc" Boundary 
rrlll1l To ISysttm) Vllltact tkVl From TII1SYbttml VIlIIIr\:tlkVt 
Balt.:! R..:ImRY 210 Balta R:un!>e)' 230 
R~aby '-"<l, '" R~gby "'~ '" L~le LL i<'f Dr~yloo 23' ~le Ll i~r DuytMl ~3(l 

Ballou ... La Porn: '" Ihdour~ a..,Ju~rJ 1\5/34.' 
Ulnc~ ~fRnnom<:1l '" Riv~"lIn Baoour3 23Cl 
M)pIcRtv(T Winger 230 Rl vtrton Mcmfield ll ~ 
FarCQ Calt doma '" Pequot Lak. Pequot T.akt 115160 
hlllelwwn Picken 230 PoqUOl Lake Pequot Lake 1151345 
JallleJIQwn CUrTlnl:lon '" Rweno!, Ba. tel 'OS 

Riverton WingRJvcr '" MI"nlllh 7lln"" R .. lIInrlary I.,uk r.n. Rl n ..... h ... 1 '" "rum To (Srlitem) VolllgelkV ) IJlan~h:rrd Bhr.ndwd I ISf3.4.S 
Camnj;lon Jame.I""'n '" M.., .. ;, Gr:ll1 l Co ' OS 
P,chlt lamtSlown 230 Moms Moor""ad n o 
C.ledonl. F"", 'OS W.hpc-ICII FeI"Ju1 Falls ,,. 
Winger Maple RIVe.- ,,. Wahpc-1On M.plc R,vt"t ,,. 
t.. "'~ Radoun '" F~ GWinner '" B.>dour .. Badouu 1lSi34 5 F~ Valley Clry '" R,vt1lQfl 1Iodow, no O"lo;ff O~kn 1301-41.6 
Rivcl1Qll Mcnirlflld 11 !\ Edcele)' JJ.meslO\\"I! '" Pequot Lake Pequot Lake " "" Weber bmoilOllm 130 
Pequot bk ... Pcquot t.:.kc: IIS/)4 5 BI~m'lId; l;unoIO,)"'"" ~30 
RIverton Bnt'" '" G~. b mcilown 230 
RIverton Wmg R",c,. no C~nln Jamr..l..,""fI '" LillIch .. ! BI;mc:hJrd '" Blanclurd Blanchard 115/34 5 

MOIl" G01IntCo '" Mo",~ Mwrbe4d J30 
WJI>peIOfI Fellin F~ 1I 5 ~~o 
Wahpelon Maple Rner 230 
Forman GWinner '" Furman V.llcyC.ry ll~ 

Oak .. 0"," 231){416 
Ed8ele~ bmestown '" Webf:r J'Imesrown 230 
Oisma«:k Jamestown 230 
(j~rTl~OIl J.uncstown '" Ccnl~r S.uncliwwn '" 

From the 3CtUil i new dalillhal was pf(lvidcd by the varieus ullltllcs. the following W:lS 
determmed as the coincIdent peak dem:m!l levels for th ~ Ilme p~riods e f UllcrCS1. These actual 
inpub 10 each wne represent the total load being sePlcd plu~ the lme losses. The d~tailed now 
data can be found in ApPfild i ~ 8 . 
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Winter Peak (Load + UJssc~) 

• North Zone: 811.3 MW@0 1/28/04 6:00 AM 
• Suuth Zone. 1086.0 MW @01/30/04 8:00 AM 

Combined Zone: 1903 .7 MW@01/30/04 8-00 AM 

Summer Peak (Load + wsses) 
• North :lone' 683.8 MW @ 0712 1/04 4:00 PM 
• South Zone: 944.6MW @09fO.:!I04 3:00PM 
• Combined Zone' 1638.1 MW @ 07/20104 4:00 PM 

As shown in the above 11~ling, "Combmed Zone" load d~sn't equal the sum ofthe "North" and 
" South" loads bccaus..:: [he two zones' peak demands are nOI t.O incHli:nt. the peak demand of the 
"North" zone did not o~'Cur at the same rime the re was a peak demand in the "South" zone. 

The followmg tables an: a breakduwn uflh e loads by utillry in each zone. The substation load 
tota ls do not cqual lhe figures ci ted above (which arc lotal zonal load + losses) due 10 line losses. 
For example, the North Zone suhstation load total is 849 9 MW. amI the zonal transmission 
losses are 27.4 MW. YIeldIng a grand Total of877.3 MW. as shown ab<)v~ for tht: wlflt~r peak 
demand \cvel for the North zone. 

WmterP.::ak 
North ZOlle (Gr.lnd Forks/Bemidji ) 
Loads """ !lID: "'" MMI'A 

MW 849,9 ~S 6 00 20.9 ., ' 000 " 00 " 
South Zone t Fargo/Jamt:slo ..... nlAlexandnal 
1.0"', - '""" '"'" MMU 

MW 1029.7 10. ~ 151.3 0.0 
~ . '00 0 " 14,1 0.0 

Combined Zone 
,~" ruo!! '""" """ """" MW 1 8~0 . 3 3S.1 143.1 10 .8 ., IOll.O 2.1 " 1.1 

13 

ill """ ""'" 0.0 3!'O.8 '" 00 ~60 O~ 

'" -..... 
66.8 =1110 961 

6.5 ~1.3 9J 

1M "'" ""'" 635 5%.0 95.S 
3S 32 7 " 

QI!' """" &.s.! 
~~t 8 '" 1110 
~6 1 " DI 

QIf """" -'"'I 
161.4 96.9 ~~~ . () 

'" " 2~ I 

QI!' WAPA Xed 
31·U 16~.9 n5 . ~ 
10 6 8' 17 ~ 

Ap~.,h. A·] 
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Summer Peak 
North Zone (Grand ForkslBemidji) 
Loads """ """ """ """ MW 6SH '" "' 2lri 

", 100,0 3.1 0.0 3A 

South Zone (Fargo/JamestownJAlexandria) 
""", - Jill<: """ '""" MW 893.9 97 

"" 0 
00 

~ 100.0 U 18 .3 0 .0 

Combined Zone 
Lo:lds In!i!l 

MW 1 ~5g 6 
"", [000 

ill ill<: ..... 
"' 1219 " 00 330 07 

Mf "'" ..... 
635 1201 90.9 

7.1 13.5 10.2 

"'" MBfli .139'; 97~ 

ZI 8 6 3 

<ill ""'" 2U I '" 32S 10.3 

llli """" 1614 903 
'SO \0.1 

"'" """" .1754 lsn 
24 0 102 

"'" lOS S 
16.\ 

&<I 
1'~3.9 

2l.7 

"" 3/)20 
19~ 

Addition::.l tables showing output from th e: powerflow models report ing Nurth Dakota (NO) load 
(referred to as ··Zone 90") and OTP control area load can be found in Appendix C along with the 
(;h<.mgt"s made \0 the b~se puwcrflow models. 
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4.2 Steady-State Procedure 
The steady-sIdle ana lysis WdS based on the Winter 2003 - Summer 2004 transmission system and 
focused on the Red River Valley area. The 2009 Summer Peak mode.l from the latest avaibble 
M..o\PP Modds \2004 Series) was used as the baSIS for the powerflow analysIs. ThIs model had 
no Ilew transmissIon Ime additions from loday's existing system because none arc presently 
committed in the Red River Valley region for the 2005-2009 perIod. Consequently. this modd 
was determined to be the appropriate starting SUmmtlT Peak model; the load amI gencrdl ion were 
then scaled to match the observed real-tllne condlhons. 

The winter peak mood was developed from the summer peak model. ThiS was done by settmg 
the load pattern In the Red RIveT Valley study area (see Diagram 4.0 A) to match the pattern In 

the N1-10RWG paekllge w intcr e:lSf' . The l oml~ w('n: th"" ~~~I"ri tn mHtrh th" "hl;"TV" ,j r .. al_hme 
conditions, MAPP lo~ds outsillc of the Red River Valley were scaled as a whole 10 malch those 
in t~ NMOR WG winter case Also, the NDEX and MHEX interfllee loadings were adjusted to 
the deSIred levels. 

Summer 2009 Peak Case with 2003/" RRV loads (RRV-SUpk091 

• MHEX 1800 MW South 

• NDEX 650 MW 

Wmler 2fw.) I'I:akCase wtth 200314 RRV loads (RRV-WTpk09) 

• MHEX 700 MWNorth 
• NDEX -80MW 

The goal of this analysis was to identity any transmission facilities ' overloads and volwge 
defidenetes as a l\."'Su lt of future Red River Valley load growth and to det"rmine what 
ImnsmlSSlon improvementS will help the:uea Power system perfClnnanee was examined with 
the PSSIE ReviSIOn 30 dt£1tal computer powerflow and stability simuitlllOn program. Three 
different analyse~ were pcrfllnncd to help u.lcntiry- the hmllmg laci1ities. 

The first part perfonned was Transfer LImit Table Generator tTL TG I analy~ I S 10 merement3l1y 
increase the load in tltc three regions to revea l upcoming ov" rl03ds ("thermal hmits") for e~eh 
region for "system intact" and "first contingency" conditions. TL TG ignores voltages and 
IOcuses on overloads. 

Power-Voltage (P-V ) an31ysis was then performed to show the voltage profile of all RRY buses 
liS kV and above ~" load is incremen!~lly increased. The incremental load-serving I<aplibilities 
for each outage were eV3lualed by the following two c riteria ' 

• The MW level at which the first bus reaches 0.90 p.u. voltage. or 
• 90 % of1!.mount of the theoretical MW load-serving limit. as dctemlined from tbe P-Y 

curvc's POlllt o f vo ltage collapse (the "nosc" of the curve) 
This analYSIS shows the locations th~t are mm! susceptIble to voltage issues , 

Voltagc-Re3o.:tive Power (V -Q) analysis was then perfonned on several buses Identified from the 
P-Y allalysls to allow ex~mm~tion of the reachv!: margms. 

I' 
Appl<ld,. .... J 
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A s~ns i tivity analysis was then perfomled. Wiing thi: re,u]ts of all three analyses, on the winter 
peak modella evalu~ue the effects c.[ the MHEX level over a nmgc of 1000 MW North flow to 
1000 MW South fl ow all00 MW incrcr!leols. 

At the .. nd, an automated sequCflIi a\ contingency ana ly.~is routmc ('"ACCe") was then used to 
verify that the long-term system Improvements ldenldled are adequat~ for the amount (>f load 
growth in the region. 

TI!roughout the n Ie and Acce analyses. t~ fo llowing input parameters were utilized-

Monitored facil ities: 
• All transmission lines and lronsformcrs 69 kV ami above induded in the following 

control areas; 
GRE MP QTP 
WAPA XCEL 

Contingcllclcs studied: 
• All smgle contingencies 69 kV and aoovc ill RRV regiun. which include the 

followmg tranSmiSSIon owners: 
GRE MP MI'C 
URES OTI' WAPA 
XCEL 

• Multiple-circUIt lines in the standard MAJ'P ~OO.t Contingency FIle. which mc\uues 
f<lci! ities for the following entitlcs. 

GRE Mr MPC 
MRES OTP W AP A 
XCI!L 

Source facilities; 
Incremental source generation used for the analyses involving lfil'fcaseu 10.1d levels was 
presumed to bc from all directions outside the Rcd River Valley ewept for Manitoba. 
Accordingly, the Inl'Tcm~ntal generallon sources were: 

Antelope Valley #1 Big Bend # 1-8 
Boswell #4 Coyote #1 
Montlcel1o#1 

Allocation of generation increases to each unit was In prllportlOn 10 thai um(s size 
rclalive to thc lotal sct of"incremenlal" generJ.lofs. 

Smk faCihhc~ : 
The sink wa~ the " seasonal" load oflbe three Red Ri\·er Valley regions. Local 
generation. "Const::mt Firm"load (such as plpeime pumping stations I, and 
"C0nditi('naVStation Service" load "'ere all held constant during the 8n~lysls 

Appendix D wnlJin:s ~ll input d~ta files describing Ine ilhove filCilitics u~ed during this study. 

16 Append;" d.l 
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Power system perform:mce was e\'aluat~d :tg:tinst the NERC Planning Slandard~. Wlth re~pcct to 
acceptable system pcrformmcc foHowin~ Category A. B. and C contingencies. 

Cab:gory A relates to "system intac(' conditlOl1S 
Category B ~!Jtes to fi rst contmgency ("N-l") condillOm 
Category C relates to I) Outage of multiple elements, due to a single initiating event 

[loss of double-ci rcuit line. breaker failure. or bus fault}. or 
2) Loss of one clement. wnh an inlcrmcdiatc adju~lrncllt period. 

followl'd by a subsequent outage. 

Performance wtlS Judged to be acceptable if 
I "system lOtact" loadmgs were wnhm the continuous ratmgs of transmiSSIOn system 

f.lcilities :md post-contingent l oadin g.~ were within the appl icable emergency ratings; 
2. voltage levc\s were within the applicable system intact and post-cont ingent criteria. 

17 Appendi. l-l 
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4.3 Dynamic Stability Procedure 
The dynamic stablhty performance of the transmission system was examined on the 2003 
NMORWG stabi lity study package ming PSSIE Revision 29. The dynamic stabi lity analysis 
was used to confinn that the bulk power system dyn~mlc stabili ty pcrformanl'c IS acceptable for 
aillong-tenn transmission solutions. The h\lO ba~e cases that were used to cvalu1I.te initia l 
performance were the follOWing: 

Summer 2003 Off·Peak Case 
(OOO-so03.1d.uzvV4V41 

Wmter 2003 Peak Case 
(OOO-wp03aa.zNZOY4W) 

• MHEX2176MWS<Julh • MJ-IEX 700 MW North 

NDEX -69M\V • NDEX 1 ~~1 MW 
MWSI 14~OMW • MWSI -63 MW 

The summer off-pc.tk Clse with high slmliitaneous transfers was used as the starting case for the 
evaluation of long-term transmission solunons' effect on the NDEX stab ili ty limit. Both casC"S 
have the- North Dakota C'oal fie- lds ge-nerallon at trnditlon al "tnlls~" output ltvds. whICh arc 
slightly below the maximum attainable ("URGE") levels . 

The following disturbances were rcvI""vcd for this study: 

AGI Singk line 10 gr..,und fault wltb blc~cl fail .ll Leland Olds onlhe Ft , Thomp.wn 345 kV line 
AG3 llIu>e phase f:lUlt at Leland Olds on tbe Ft . Thompson 3-15 kV l in~ 

E12 el) DC P~nnanen l Bipolc Faull wnb tIlPPLn~ ofbotb Coal CI<: ek I.Ullts, 
EQ! S ingk lilk: to ground fault WIth breaker fail at Coal Cleek on CV DC pole I with cross_ni p (If 

Coal Cr~ek uniTIQ. 
PeS 
'YS 
peT 
PYT 
NAD 
NBZ 
OAS 
PAS 
MTS 
MQS 

TAZ 
MAD 

QA3 
RXS 

Not~ 

Sml:\l~ Ime to:> grnwKl f8ull " 'Ith breaker fall al Kmg With 8P6 stuck 
Smgle Il1lc 10 ground fault With breaker 611 all'r3tl1e Island WIth SWI SnIck 
cau Clam:-Arplo 345 kV lme trip WlthOUl a faull 
Pra Irie Island-Byron 345 kV 1m!! tnp wllhout a fault. 
4 Cycle 3 ph3.5e fault on the l)or~~y 10 Fnrho:':.~ 300 kV Ime D602F 31 Fornes , 
3.5 Cyde 3 phas~ fal.Llt o n th ~ Chl.~ago Co-I'orbes 500 kV hne D60IC at Chisago County. 
Single line to groWld fJul1 With breake!' fJil ~t [)Qrsey with 60::!L stu~k . 

Single line to ground fJu l1 wilh breaker f~i1I.Lr~ at Fornes with 602L stuck Trip D60~F 
Single line to ground fault WIth br~aker fallwe 3t Monl1~Uo 

Sinl!l~ line 10 ground fau ll With breaker f3ilwe Jt Sbclco wi th cross Trip of Shm:o Unit 3, Shcr~o

Benton County 345 I.:V l in~ 11m! 230/345 I.:V IX IItiknton County 
4 Cyck 3 ph~sc fault on the Sbcl ~o-Coon Creek #1 345 kV line at She.co. 
4 cycle 3 ph3se faull 3t Dorsey 500 kV Clear the Dorsey-Forhcs SOO kV line This disturnancc is 
requITed only when USA - Mani toba f1 (lW I .. north 
5 cycle 3 ph~se fault at B13ckberry . CkM the Blackberry-Riverton DO!,:V hne 
SIngle Ime to ground f3Ul! wllh brcJker fni l :ll Boswell Wi th Q51 stuck 

Proposed ",vlllOnS to the f orh<:, 500 kV bus eonfigurnl1(]f1 would modify the "NRZ" dISlurb~n<~ 5<..,3" 0 10 
be thaI "'I'",,,,n l.d by Ihe "NMZ" seeMno, In wllleh I~ FOrN-s SVS rcmams online folk,wln g the 
dl!rnr~"nc e SlInullllon of the Jo.-'MI dlSltlTbmce Waj not found nece'!~ary for Ib" 5tudy becaus<: 

• NBZ Pl'rfonn.'n~ e was rie{C.mmcd to he "'''Sf3Ctory, "nd NMZ p".fomlJ.nce wou ld be sOIDCwhat bener, 
• To Ibl~. nO commilments have been made tow",d the implememaTion of the For""s 500 kV bus 

conlit!ut~lion Inlprovemr nl. 

18 AppendilU 
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5.0 Results 

The three defined zones of the Red River VallcylNorthwesl Minnesota study area were evaluated 
to detennine the ir abIlity to reliably supply furure load levels. The load-serving .. apabilities were 
evaluated by reviewing ~ystem iOUle!, fin;l-l:ontingcncy (N- I), and second-contingency (N-:!) 
simulation results, focusing primarily on the P-V and V -Q analysis for the Winter Peak 
wodition. All powerflow modeling within the study area WIIS perfonned on base cases with load 
levels adjusted to rn:l.tch the actualloadmgs expenrnced durmg the wInter of 200312004 
Consc-quently, there has already ~en two years' load growth slllce that time. and it is likely that 
sevuaJ more years will elapse before any signific:lfl! transmissiun facilities am be placed in 
8ervice The f"llowmg paragraphs summarize the results of the "existing system" load-serving 
evaluation. 

In order to evaluate the North and South zones of this region. three analyses were untlertaken. 
These mcludt-d mdependent analYSIS of load growth lfl each of the Nrorth and South zones. The 
third analysis evaluated system performance as load wa~ SImultaneously incJ"e<lSN in buth zones. 

The North Zone of the RRV can support a lmost 500 MW ofineremental load during system 
iOtael conditions. (This IS of only theoretical or academIC intCITst, SlflCC load-serviOg ('lIpablhty 
is determmed by contingent capahility.) The first-contingency (N-II incrementalload-ser ... ing 
c<lpability IS appro.'l.lm~tdy 112 MW (13% load growth). limited by outage of the Jamestown
Center 345 kV hne ovt'l"loadmg tbe Hankinson-Wahpeton 230 kV line, which ha~ a wintn rating 
of 320 MVA. A \"oltage-relat~d N-I limit of l.SO MW. or 17% above the Wmter 2003r.!OO4 load 
levels is observed due to the po~t-(ontingent voltJg~ in the Bemidji/ens Like area dropping 
be-low c.riteri~ following the J)(Irsey-Forbes 500 kV outage. 

The outage of the Winger-Wilton 230 kV line is :1150:1 signi fi cant outage for the Bemidjl/Cass 
Lako: area and IS shown m the v-Q graphs for the Wilton 115 kV bus (discussed later ). This 
margin<ll N-I (k:rfonn~ncc is dcsplle the multiple rc .. ent (,~p3cjtor additions in the Bemidji area 
on the 115 kV system. ;lnd the addItion of tho: Solway gm~rol.tlOn . all of which were modeled. 

The North Zone's N-2 performance is limited by the Winger-Wilton 230 kVlBadoura-La Port~ 
115 kV outage combination 1(> (I MW ("Of incrementa) load.-sef"ing capability. This is bascd upon 
the stmlLl:d lood levels that currespond 10 the peak loads experienced during the Wmter 
2003/2004 SCJ~on . 

The South Zone ofRRV can support ~lmosl '.1(1(1 MW of merement:d load gr(>wth ill the I\!gi('ll 

during system il11act conditions. Durmg finn contmgency (N-I) cOlldl110ns. the regIOn can only 
support approximately 330-340 MW of incremental load. the limiting considerallons being 
ovcrlo3d of the Sheyenne-Fargo 230 kV line and volTage adequacy in the Enderlin vicinity 
fo llOWing outage of the Center-Jamestown 345 kV hoe. ThIs 330 MW eOTTel;ponds to 1132% 
increase in load over the Winter 2003/2004 levels modeled. 

J9 AppoACIl . .... 3 
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The South Zone can only M.Lpport about ISO MW of load growth (14%] for second contin£ency 
(N-2) conditions. The most critical outage combination for this zone is loss of lhe North sao kV 
1me (Dorsey-Forbes) and the Center-Jamestown 345 leV hnC'. 

This zonal summary does not take into account localized lood-scl'\ling problems. such as the 
Alexandria load center, Il(Ir the adjacent St, Cloud area's load-serving deficiencies_ 

For the Combined malysis of both zones. 885 MW of mcr~ment.l l ioad growth could 
theoretically be supported during system intact conditions. For N-l condition~.lhe limiting 
conSIderation (at J 12 MW or 13% load growth) IS outage uflhe Audubon 230/115 leY 
transformer cau~illg overload urIbe Houl Lake-Edge Tap liS kV linc. whose winter rating is 
100 MVA. A voltagl"'-related N- I limit of 440 MW 124%) ofmuementalload is observed for 
10$s of the North 500 kV line. 

lhc C<lmbin~d Z<lne Increm~ntJl load-serv ing capability is then reduced to 0 MW for N-l 
conditions due to the WlIlger-WIlton 230 kV/Badoura-LaPorte 115 kV outage. If this limiter 
were addressed. the next N-lload-scrving hmlltS cnccuntcred at about 300 MW 06%) of 
inercmentalload (North 500 kV and Center-lamestown 345 kV uutage) . 

The preceding results arc summarized in the following table 

Table S.O.A 
Existing System 

Tncrementalload-servin8 capabi lities 
(% load mcn::ase beyond Wmkr 2003/2004 ltvtJ) 

Base (existing) IncrementalIQad-~erving capability, MW 
RRY Zone LO:ld Ls:vd SY£Is:m lntiict N·I N ·2 
Northern 849.9 MW 490 56% 112 13% 0 0'% 
South~m· 1029 .7 MW 590 54% 330 32% ISO 14% 
Combm~dt 18203 MW 885 48% 312 17% 0 00,;, 

To dddrcss the .Ibove-J~scnb~J cxisl1ng ur impcmlmg load.serving ddkicndfs. fuur possiblf 
new transmission sources into the Red River Valley' Northwestern Mmnesota area were 
evaluated: 

Approx. miles 
• a 230 kV hm: from Harvey to Prairie {"West Source"], 145 
• a ~cond 230 kV hoc from Letdhcr to Dr:l.yton to Pmin~ ("North Sour~e"), 110 
• a 230 kV line from Boswell to Wilton ("East Sourte")~ , and 65 
• 11345 kY lme from Bent(ln Co to Alc:<aodria to Maple River r-South Sourcc",. H 1M 

• Knl)wn~! Ihe &m>dJ ' 10 Boswdl 230 ltV Io"e 
•• Known:.li the F3~Q II) St Cll)ud 345 kV I1n~ 

A fifth option of a ~30 kV line from Fargo IQ Grand Forks (referred to as "(ntemal RR Y" or 
''Other'') W.'IS a lso evaluated as an option fQr improving load-serving capability in the region. 

20 
AlIII"nclil A-l 
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Although this 65-mile line does not represent the addition of a new transmission source into the 
Red River Valley. it was bypothesi7..ed thJt it may re-dlstribute power f1ow~ iiIld improve volbge 
profiles wlthm the RRV. 

Table 5.I.B shows a eomp.uison of the five optIOns' performame relative 10 "c}[islmg system" 
pcrfomwn.:e considering Winter Peak conditions. The load-serving limits arc bascd on a P-V 
AnalysIs for N-I eondmons. A full set oftab1cs and graphs of the source compan sons ImcludlOg 
N-1 conditions) is provided in Appendices H and I. The following paragraphs summarize the 
results observed from the N-! and N-2 load-serving analysIs. 

5.0.1 North Zone P-V Results 
Refemng to Table 5.I.B. the West Source [Harvey-Praine 230 kV) helps shghtly with an 
mnemL"Otd.1 Joad-servlllg capability of 210 MW for N- t conditions and aoout 60 ~f'N for N-.2 
conditions. The North Source [Letellier-Dray ton-Prairie 230 kV) helps I .. ss with an incremental 
load-servmg capahlhtyof 175 MW for N-] condItIOns and only 10 MW for N-2 conditions. 

The South Soun:e (Fargo-SI. Cloud 345 kV) is more effntive, pmviding over ~~5 MW of 
inerementallo:ld-servlllg e:lpability for N- I conditions and 60 MW for N-2 conditions. These 
lOnement:ll loo.d-servmg hmlts arc dut'" to the loss of the Maple Rlver-Wmger DO kV hne, 
which rc~ults in separating the new Souch Source from the North Zone. 

These estimates ellclud~ the N-2 loss of Winger-Wilton 230 kV and Badoura-L:I Pone 11 5, for 
whlth aU triiIlsmissmn opllons except for the East Souree (BemIdJI-Boswell 230 kV) fml to 

provide any .lddlllonal support 10 the Bemidji area. 

The E3St Sour.· ... lB ... mldJI-Boswell 2:'0 kV) heirs signi ticantly for all North Zone critical 
outages, as 1\ pmvidt'"s another transmiSSion source to the Bemidj i area--where It IS most needed. 
It provides aoout 415 MW of additionallo.ld-servtng (apabihty for N·I conditions and 300 MW 
for N-2 condiTions The short-term option of :In SVC 3t WIlton also helps with supporting the 
voltages m the BemIdji area dunUS N-I and N-.2 outage condmons, whereas a Prmn ... SVC IS too 
distant from Bemidji to provide the necessary Bemidji vicinity vullage support f()f critical outage 
comhtioos. 

5,0.2 South Zone P-V Results 
For the "e~lstmg system'· and "llOe addlhon·· scenanos, the HubbardiAudubon are3 and 
Jamc~ townlEnd<:rlm 11 5 kV voltages are the limitlOg considerations for lOercmcntal load-scrvmg 
capability bt-cause they experience the largest voltage dec line with the incrcmental load growth. 
Great River Energy' s recent nddihon of a 17 MV AR caprn::Jtor al Hubb:lId (which was not 
modcl~) addn:sses part of thIS reqUirement. Addlt10nal c~paeltor banks at Audubon and 
Jamestown would help raise bus voltages during N- I conditions, thereby being an effective short 
term solution. 

The Jam~stown-Center 345 kV hne outage IS the N- I erittcal eOnlmgency for all transmIss ion 
options. while Jamestown-Center 345 kV hnefNonh 500 kV line IS the N-~ cnhcal contingency. 

21 Appll1di .... ·J 
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The West Source slightly improves the South Zone incremcntal load-serving CJpablhty by an 
addItIOnal 60 MW for N-l and N-:! condillons Its effectiveness is limited !'Iy its length (and 
resultant impedaoce) and the rcahty that the: HOT'vey "source" is faf from being an "mfmltc bus" 

The Northern SOUIte improves N-l IDcremenl.3.l load-scrving capabil ity for the South Zone by 
approxunately 10 MW, but actually redu~es mcremental capablhty by approximately 10 MW in 
the South Zone for N-~ condlllOns. This result is Obt3i~d because the new line cncoumgcs 
additional south-north throUGhflow m the Red River Valley. 

The East Source provides about IUO MW of adulhunal incremental N- I load-serving capabIlity 
and approKimately 190 MW for N-Z conditions. 

The South Source provldc-l< opproxlmutcly 250 MW (' f IlddJlJomd mcreml!nt.:al N I I<> ad &erv;ng 
c3J)Jbiitty and approximately 3~O MW for N-~ corxhllons. 

5,0,3 Combined Zone p·v Results 
Considcrmg the Com!'lined Zone under N-2 conditions. the West Source helps slightly with 
mcrement:lI load growth 175 MWI, while the North Soun:e actually reduces the lold-serving 
tJ.pilbili ty during N-~ by about 5 MW. 

The effectivene ss uf both the East and South Sources is restricted by the findin g th ~t they 
become part of the crit ical contingenCIes durmg N-2 conditions: Joss of the ncnh 500 kV Ime 
(Ooruy-ForbesJ and the new line bccomes the limitmg condition for the Combined Zone. 
Ikspilt: IhlS char3ctcristic. the East and South Improvements provldc for 3p]"1ToKimately 300 MW 
lind 400 MW, rcsp«"tlvely, ('fiNd growth considering N-~ condillons The corresponding N- l 
inc~ment for the East Soon;c IS 300 MW. while the South Sourt"e provides 4:!5 MW of 
incremcntal load-servmg .:.apablhty. 

5.0.4 Overall Results 
Considenng the N-l and N-l pertc.rm.lIlce data obtained with the van olls tr.wsmission additions 
studied, II IS cuncluded the "East" and "South"' line addillon5 l'onsLstently proVIde the largc-s! 
amounts of incrementallouu-scrvmG , apabllity. 

The "East Source" IS the 8 emldJI-Boswe1l 230 kV hnc. It addressC$ two Imrl:>Mant needs ' 
• The need fOJ anothcr transmission source: to the Bemidji sub-area of the North Zone, 

where currently a T.1dt.1i130 kV transmission line is the only bulk supply. Failure of thiS 
Ime leaves only two I J 5 kV transmiSSion hnes attempting to supply the BemIdjI load 
center Recent addllions oftht Solway Generation and 115 kV capacitor banh have 
helped extend the eXisting s)'stem'~ 1000d-iervlDg capoiblhty. but in the neaf term these 
addillons will be insuffic ient. 

• The need for 3 new transmiSSIon source for the North Zone as a whole. 

22 
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The Bemidji-Boswell 230 kV lme IS the most effective transmiSSIOIl option studied with respect 
to satlsfymg these two needs, Since it also involves .::oruilderably fewer miles of new line 
conSmlction than any u~r optIOn srudicd. it would reasonably be eXpei:ted to have the lowest 
installed cos!. 

The "South Source" is the Fargo-St. Cloud 345 kV line. This is the longest and presumably most 
expenSive transmiSSion opllon, but It also 

• yields the highest Red River V:!.lleylNorthwest Minnesota mcrcmcntal load-scrving 
capabilities; 

• provides a new transml~ lon source to the Alexandria sub-area, where one IS needed; 
• provides a long-term solution to the SI. Cloud area load-serving Issues. especially if the 

new J45 kV line tenninate~ at Monticello or Shcruo ra ther than Bcnton Co.; 
• establishes an iner~ascd NDEX transfer limit: 
• Ylclds a significant loss reduction enearly 10 MW). and 
• based on CapX VISIon Study rcsultl; , thIS line IS needed m the future under all generatIOn 

patterns ~tudied. 

The Alexandria and St. Cloud sub-areas mem sp~"\'ial attention because they need an addi tional 
transmIssion supply. and none i ~ available in the imm~dl~te vicmlly. "Existing system" analYSIS 
shows the Alc",mdrla sub-area to have N- I lo.1d-serving capability of only 4% above the :'.004 
summer peak load level. The hmiting contingency is omagc of the Gr:mt County-Elbow Lake 
115 kV hne_ Currently, MRES l ~ a p\:;nnmg to add two 15 M\I AR capacitor banks in the 
Alexandria area prior to Summer 1001 3S 3 shon-Ienn solunon until a new transmission line can 
be built illlo the Alexandria sub-area, 

Similarly. thc SI. Cloud load center IS 31so m need of load-servmg aSSISI:mee. pnm~nly due to N
I cunditions n: latmg to thc cxisting St. Cloud 11 5 kV loop_ The SI. Cloud load-servmg 
dc!ictcndcs conSISt of bath severe the rmal (line overload) and reactive power (low voltage) 
rwhlem~ and therefore carmol hi:: addr.:;ssed by thc classic short-tcrm strategies of capacitor 
additiom or lim: rel:unductors; a new transmiSSIOn sourtC IS rtqulted, preferably on The weST or 
northwest side of the existing 11 5 kV loop 

The near-term Alexandna and 51 Cll'ud load-serving needs make the Fargo-SI. Cloud 345 kV 
developmenT atlracll\'e be,ause the other mmsmission options ellammed would requlrc 
addlli(lnal hnes 10 .Jdlircss ehe AlexandriJ. J.nd St. Cloud load-serving deficiencies. Such a 
develnpment would most likely COns ISt of a 230 or 345 kV line clltcn~ion from Shereo or 
Monl1cello. to St. Cloud and Alc:oL.amlrta. Con~cquemly, If the Fargo-S!. Cloud .l45 kV lme were 
not chosen 35 part of the regiunal transmIssion plan. a significant portIOn of a F:ugo-St. Cloud 
~30 or 345 kV development would need to be implemented regardless. to llddress Ale"anlina 
and St Cloud lrod-scrving necds 

The following tab le compares the transmiSSIOn options' effectiveness with regard to 
the degree to which they address the identi fi ed load-serving definencl!:s: 
approxImate NDEX increase adlleved; and 
approxImate demand loss reductJon achieved 

23 
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"Yes" indicates the transmission option provides a long-tenn solution to the deficiency; "part" 

(partial) indic;ll~s that addit ional transmis.s ion f;lci1ilie~ would be required for that source to be 
fully effect ive. COf thaI it is a ~hon-lived soiuticn. providing for less than 25% load growth from 
"CJUSlmg" (200312004) levels. "No n iIKh.:al.:s the facIlity is not efTccnvc at addressmg the load
serving deficiency. 

ConsIdering the rclatJvdy long \cad tlme assocmted with transmission line add mons, some short
tenn improvcmcnt~ arc likely needed 10 maintllm system reliahi lity in the interim. Two short
tenn improvements were ident ified as desi rable for the North Zone and two fo r the South Zone . 
with all four improvements al~o evaluated for the Combined l(lne, The tW(I N<:>rth lone 
Improvements are an SVC at the Pralru.' Substation and an SVC at the Wilton Substation. Thoe 
two short-tcnn improvements evaluated for the South Zone consi~t of shunt cJpacitor additions 
at 230 kV buses at HuhbardlAudubon and additional capJcitors Jt thoe Jamoestown (W APA) 115 
\..V", 2.<0 kV lous. GRE l,lJ.I; am.""l ,,, .. ~ L'v" cd.j!d.bil ,ly .. L Huhl,d.' u, j'd., l".ny l1uu,,,ssmy lhal lJ ~~u, 

while MRES has plans to add reac tive capability in the Alcxandna area. 

,. ...ppend .. "'_l 
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Table 5.1.A 

L~d.snvm8 d!>fiq~~ies addrast'd? 
,~ -- "'." Ikml<lJI Alex':lIIdJJa 5, 

Ql!! iQII ""'" """ - """'" - -Wew Harvey-Prainc 230 kY '45 p'" " .. , "' "' "' North Lelcllier·Dlaytoll-Prame l}O kV If~ 110 P'" 0' eo ,~ '" Ea$1 BemidJi-Boswell ~]O kV 65 ,d p"" ,6 0 ' "' So." FalBo-SI Cloud}4S kV 165 pm ,6 00 ,6 ,6 
Inltm;u: Fargo-Grand F .. ks :!30 kV 6l "'" "' 00 "' "' 
Wilton SVC 0 p'" 00 P'" 00 00 

Pra Irie SVC 0 p'" "' 00 0' "' 
Ea51 + South + Wilton Reactive suppa" &: ~30 ,6 y6 ,6 yd , .. 

Prame SVC (Re.."OmmendN Plan) 

The above-listed performaoce Ixnd its arc descnbed m further detail in various s~lions of thIs repon. 
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5.1 Wilton Reactive Support 
ReactIVe support IS especially needed in the BemIdj i viclniry dunng Winter Peak condili[ln~ 
when loads afC highest and Solway gcncral10n would not typiuJl y ~ producmg real power due: 
to Its rehltlvely high energy produetion costs. The Solway unit docs have the: abilIty to run a!. J 

synchronous condenser. thereby providing relctive power to sUpJ)Qrt 10<.:3.1 voltages. However, 
the analysis performed shows that even with the Solway umt on lme as:1 synchronous condenser. 
post-<:ontmgent voltage Violations occur In th.: Bemidji arca fo llowing outage of the Winger
Wilton 230 kV 1mI'. or several different N-2 conl i ngencie.~, 

TIl~ MHEX and NDEX tr,msfer levels don', affect the post-i.'onTmgcnt vohag~s drllmallCally in 
the Wl lton!Bemidji area due to the load being supphed radially during mosl oflhe relevant 
t ontingeneics. The mOllt limning N- I eundi tion is Ihe loss of the Winger-Wilton 230 kV line. A 
second 23011 15 tt3!ll1fonner recent ly was add .. d to Wilton Substation: this IIddre~sc, the concern 
over the posslblhty of II long..iJurlllion Iransfonner oulage, but slIUlc8\,es the Bemidji sub-area 
supplied by only one .230 kV line. Graph S.I.A sbows the ~ilualion for the Winger-Wilton 230 
kV line outage. for all three possible Solway genenlion stenarios: Solway generation on 1mI' at 
40 MW, operating as a sYDChronous condenser (SCI, and off hoc. 

Graph 5.1 B show~ that today Ihe Bemidji/Wlllon arta cannot wlthstanJ tbe "N-.2"' outage of 
both the: Winger-Wil ton 230 kV and the Badoura-La Porte 115 kV line, vol tage collapse Wi)uld 
occur If loads were at or near peak levels. llus IS ob:.erved by notmg thai the reactlvc 
requirement curve for Ihis N-:! condition IS higher than the reael i ~·e output available from Ihe two 
tJ[ i ~ting 23 MY AR Wilton capaclI>.m; WIthout :any load shed. This IS regardless ofwhelher the 
Solway gencflI.tion IS online 3140 MW, as synchronous c(lndenser ISCI, or (-ffltnc HaVing 
Solway gcnerallon onlme ;)t40 MW ht:lps the BemldJlf\VLlton IlTeIi thc greatest because ;t"s 
prodUl;\Jlg real pow~r to offset some of lhe loc.:.l loold and its rCdLtLve power output also helps 
provide ... olt~g<: control 

From tht:se graphs II IS observed thai the addmoJi o f mo~ bloc1.:s of eonvention~ l shunt 
capacitors is not a very f<:J.Slble opllon primJ.rily hcca.use the number of eapaci!OTS requi~d ;n 
the immedLate post-contingency condi tion gencr311y exceeds the number thaI can be on line 
during system mlaCI conditions Without causlllS excessively high voltages. MoTt-detailed STUdy 
work would need to bt: prrfonned to further l!Ivesligatc the feasibility of addressing the Bemidj i 
rca.,;l ;yc need>; with shunt capacitor banI.: aJdillons. Such a study would address speed of 
switching Tt'!q uired. development of suitab le control schemes. and evaluation of methods of 
~ch\evmg rapid capaenor bank Te-cnrrgll.aIlOn capabil Ity. 

In contrast to thc chal1eng~s of additional shunt CapacLtor banks. an SVC in the Wilton area can 
eaSIly both keep tbe pre-<:omingent voltages at d~slred levels and ensu~ adeqUJ.te post
conlingcnt YQltase$. Capacitor switching fu.--qucncy Will also bI: n:du,ed because Ihe SVC (If 
properly sized ) will h.mdk most of Ihe Y.lri.lhllity in reactive inJection requu·ed to (IchlcvC 
effective voltage regulatIon. A detailed SVC characteri7.ation study would bt: requiTt'!d in onrr 
10 determme the recommended MVA R ratmg of the SVC and 10 dctcnninc the opllmal 
COWlCClion configur.ltion. 

.ppondll A--J 
~..,.Ior Thft:lU ~y I'o:i!Kb 

~.{J{,.1 11S 
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5.2 Prairie Reactive Support 
Presently, the Prairie 2301115 kV substation has 480 MVAR of reattive tapabiJity consisting of 
twc1vt 40 MVAR 115 kV fast-switched capacitors. These capacitors supply the large amounts 
of reactive cap3bllity needed to suppon high post.contingent throughflows, whIch can occur 
during high trnn5fcr conditions, particularly high nonhward transfers into Manitoba (allowing 
outage or the Dorsey·Forbes SOO kV line. The issue with the Prairie capacitors is that for local 
N-2 condItions (such as Maple RI ... cr-Winger 230 kV and Jamestown-Picken 230 kV 
comingency shown in Graph S.2.A) the critical voltage is relatively high. and thc system reacti ... c 
requirement curve is ncarly parallel to the capacitor output curves. The ramlfical10ns of this 
system charnttcristlc are: 

.. "hWlting" or ''Ioggling'' can occur because switching of one capacitor causes a re la!ively 
large change in voltage. The cxcessive change in \'01lage causes overshoot or undershoot 
of the hus voltage. resulting in a capacitor being switched on or ofT; this cycle is then 
repeated; and 

.. trip-out of one capacilOr can cause \'oltage collapse. 

•• 
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An SVC al PralTle keeps the pre-contingent voltages at desired levels and ensures adequate POSI
contingent vol tages. Capacitor switching frequency is also reduced because the SVC (if properly 
sized) will handle mOSi of the variability ill reactive injection required. The SVC could also have 
some I1lductivc capabili ty, which would be helpful during light load condmons :md \0 control 
voltage dunng system restoration following catastrophic events. Prescntly there is no inductive 
capability in the Prairie vicinity; this presents challenges in re-energiZlng long 230 I;V ]Ules. 

The !'rame SVC will also help improve dynamic stability pcrfonnancc following regional 
disturbances; Ihis contributes loward an improvement In I\ OI:.X limit, and also improves relay 
margins ror the Letellier-Drayton 2]0 kV out-or-step relaying, which is one of the many limiting 
factors for the Mannoba-U.S. mterfaee (MHEX) loadnbility limit 

30 
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5,3 Bemidji·Boswell 230 kV Line 
The BcrmdJI Boswell 230 kV Ime addition IS Silovoll In Diagram SJ,A. 11115 line will actually 
connect the Willon 230 kV bus and Bos .... ell230 kV bus, This diagram also sbows .... hat .... as 
detcnnined to be the load benefit area for thiS Ime adduion. 'ibiS Ime adds an Easlcm Source to 
the Red River Valley from Northeastern Mmn~lI1 

The Bemidji- Doswell 230 kV line isn't the answcr for ailload,scrving needs In the Red RIVer 
Valley I Northwestern Minnesota area, but is very effective in supponing the Northern zone, 
especially the Bemidji area, which needs near,term reinforcemenr, and also increases load
serving capability throughout the Red River Valley. primarily the northern section. 

Compared to the other 10ng-tCrtn regional transmission options, this line is anticipated to have 
the lowest construction cost because It IS at least 40% shorter than any other long-tenn 
transmISSion line studIed. 

-

" 

Diagram 5J .A 
Load Benefit Area for the BemIdJi-Boswell 230 k V Lme Addition 
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5.3.1 TL TG Analysis 
Table S.J .A summarizes th e: results of a "TL TG" analysis whidl revealed the transmission 
overloads encountered when incrementing the I[md in each :wne (from the base 200.112004 load 
level) whI le supplymg power from various generation units III the MAPP Region as d~tailed in 
the Analysis Section. There are several 1oc.alized ~ub-(rJnsmis~ion overlo:ui!;; thaI need to be 
addressed thai an: not listed in this table. whIch can be fOlUld in Appendices F and G. 

The tab le shows the tiTt:!:\ uf the Bemidji-Boswell ~JO kV line addition on the thermally- limi ted 
load-serving capabilities of all three zones. A lthough most of the load'serving limits increase as 
eX~led, it nt-served that the Bcmidji-Boswell130 kV line addition can cause a reduction In two 
of the !oad-servlDg !UUllS, This result IS obtained because the Bemidji-Boswell 230 kV line 
addllion provides access to a very strong source (BoswcllJ. which rcdm:cts power flow!; 
throughout UlI: region. 

These two potentially-adverse effects o f the Bemidj i-Boswell :'30 kV line addition are easi ly 
avoided. Addilion of a sec{)nd Winger 2)01115 kV transfonner (whkh was recommended in the 
original TIPS study) ~ddresscs the North Zone Winter Peak concern. whi le the South Zone 
Wmlcr Peak concern IS easIly addressed by upgrndmg the lenninal equIpment on the Hankinson
Wllhpeton :'30 kV linc. and would be funher relieved by Ihe an tici~ted Fargo-St ('loud 345 kV 
line addition. 

Appood" A·3 
AP!*;a1lOn kw Tine 34, IV Pmjo<;t>. 

E-OOV"...N-lIS·l m 
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5.3.2 P-V Analysis 
This analysis is for the purpose of detennining the load levels at which voltage violations arc 
encountered as load is increased within each study zone. Table 5.3.8 shows how the addition of 
the Bemidji-Boswe11230 kV line affects the incrcmental load-serving capability of the three 
zones. As shown in the table, Cass Lake 115 kV voltages are thc limiting consideration for 
North Zone for both Winter and Summer Peak conditions. Graph 5.3.A shows existing system 
incremental load capability for North Zone during Winter Peak conditions for the outage of the 
North 500 kV line. 

For Winter Peak conditions, the North Zone load can be increased dramatical1y after the 
Bcmidji- BosweU230 kV line has been added. From Table 5.3.B it is observed thai the load 
serving capability furN- 1 condi tions increases from 146 MW to 560 MW, while the N-2load 
serving limit increases from 0 MW to 300 MW. 

During Summer Peak conditions, the Bemidj i- Boswell 230 kV line helps with the Bemidji area 
voltages but also encourages more flow southward through the Red River Val1ey via the 
Letellier-DraytOn 230 kV line. The result is that the DraytonlHensel area voltage becomes the 
limiting condition at an incremental load value of 585 MW. This interesting result isn't the most 
limiting condition, since Winter Peak has a slightly lower incremental load value (560 MW). 
More-detailed results can be found in Appendices H and I. 
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5.3.3 V..Q Analysis 
V-Q analysis was then performed nt a few critical buses wIthin Lhe Red River Valley region 
based on the results orrne previously mentioned TL TO and PV analysis. Graph 5.3,8 shows 
Wilton 115 kV bus reactive needs for system intaci & N·l in before and after the BemidJi
Boswell 230 kV line addition with the Solway generator ofT-line. 

V_Q analysis was then performed!lt II few critical buses within the Red River Valley region 
based on the results of the previously mentioned TL TG and PV analysis. Graph 5_3.8 shows 
WIlton 115 kV bus reactive needs before and after the Bcmidji.Boswe1l230 kV line addition 
with the Solway generator ofT-hne. While Graph S.3.C shows Wilton 115 kV bus reactive needs 
for the Badoura-LaPonc 115 kV line and the N-2 Qul.3ge of both l3adoura-LaPone liS kY line 
and Winger-Wilton 230 kV line for both before and after the Bcmidji-Boswell230 kV line 
addItion with the Sol ..... ay generator a! 40 MW. As shown in these graphs. during both system 
inlllC! conditions, N-I conditions and N-2 conditions. the rcac\J\'c need atthc Wilton 115 kV bus 
is reduced when the new &midJi-BosweIl230 kV line is added because it brings a new sourcc 
into the Bemidji rcgion. 

Gra h 5,3,8 

WIlton'" kVV.Q (SolWay Off) 
WI_r P .. k Load .. . =~--r----~-...., 1--,." ,,,,,,,, --, .... -

'00 .. . . ... "" .... _ ..... • • ~ ====__ . ~ .. ~ ,, _H ,..-. " .• "./' - ---_.- .,.-.. - ~ ~- . 
~ . _ ... ... _- --. ---~...... ........ ,._ ... 

••• _ .............. - - J 

35 "-'<!tJ:A·3 
~1OJO'Jor"", 34S ~~~ 

E~I11~ 



68 

r 

Graph 5.3.C shows Wilton 115 kV bus reactIVe net:ds for N-I and N-:!: conditlons both willl and 
without thc BemidJi-Boswcll230 kV line addItion. As m Graph 5.3. B, lIlc relc\lant N- I 
contingency is outage ofWinger-Wihon 230 kV. The relevant N-2 contingency is Winger
Wilton 230 kV & Badoura-LaPorte 115 kV. ThIs graph shows that the wintcr peak n.:aCti l'e 
requirement dunng N-2 condit ions IS siglll lieantly beyond the existmg Wilton capaci tors' OUtput 
capability (there are two capacitor banks, but the reactive requirement exceeds that of four). 
Funhennore, the critical voltage for this condition is unacceptably high (ovcr .95 pu.) 
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Addition of the l3emidJi-Boswe1l230 kV hne is secn to be vcry elTectlvc at addressing the 
BenlldJI III'Ca voltagc ~ceurity challenge. This result is obtained because the BemidJI-Boswell 
230 kV brings II ncw sourcc into thc Bemidji area. 

36 APl*ldli A-3 
A_tuo to- TlnII3.\~ kll Protects 

E-002lCN-O&-1II5 



69 

~I 

I ' 
II 
r j 

il 

[J 

11 

r , I 

f ' ;J 

Ii 
" 

r 

" , 

I 

U 

5.3.4 ACee Analysis 
Acee analysIs was performed for ea~h of the three RRV zones at the incremental MW load 
levels suggested in the N- J PV analysis in Section S.D. Table 5.3.C confi rms the North Zone 
performance that would be obtained al the 560 MW load increment level with the BCffildjl
Boswell :."]0 kV line ad(htlon, Slmllar analyses were performed althe. 440 MW and 750 MW 
load increments for the South and Combined Zones, respectively. The complete outpm ortbe 
ACee analyses can be found in Appendix 1\... 

Table S.J.C 
Performance With North Zone Wmter Peak Lt)ad lncrea~ed by 560 MW 

This ACee analysis summary shows that the Winger 230/11 5 kV transfurmcr loading (system 
inlact) and the leeds-Rugby 115 kV 1mc loading (Post-contingent) will hmlt the North Zone 
load-serving e:lpablhly 10 a level lower than the 560 MW .~uggested by the PV analysIS. 

5.3,5 Dynamic Stability Analysis 
Dynamic stabi lity ana lysis shows that the long-term solution of the BemidJi-Boswell 130 kV line 
(represented in s imulations With casc Dames beglluung With hE J(}.") Improves system damplOg 
and voltage performance compared to the eXIsting system C'RRV-"). This lS shown in the 
Watenown and Wahpeton vultagc plOb be.low and in more detail in Appendices M and N. 

From these pINS, It IS dc:termmed that In addition to the 1000al and ~glOnal load-serving benefits 
~chlcved . the Bemidj i-Boswell 230 kY line addition ~Iso :lppt:1l.rli to improve power ~ystem 
dynlmic performance sufficiently to ~mld approxlInately 100-1 50 MW of incremental capability 
on the NDEX interface 

]7 AppondixA.l 
~""blThttt)4~ ~~1'JtII!CfS 
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5.4 Fargo-St. Cloud 345 kV line 

TIle Fargo-SL Cloud 345 IcV line would connect the transmission system from ea:;tem Nonh 
Dakota 10 the 345 kV system in the northwestern Twin Cities. During the mujority armis study. 
this line was modeled as extending from the Maple River 345 IcV bus \0 the Benton County 345 
IcV bus with a lap and slcp-<iown transfonner in Alexandria. However, additional analyses 
(Appendix A) were perfonncd to examine the relative merits afme Benton County Icnninmion 
and alternate southern lennini (Shereo and Monticello) for the proposed 345 kV line with regard 
to its effectiveness In providing S1. Cloud area load-serving capability. 

Diagram S.4.A shows the region that was dClcnnincd \0 be the pnncipal toad btncfit area for this 
345 IcV hne addition. 
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Diagram S.4.A 
Load Benefit Area for the Fargo-St. Cloud]-15 kV Line Addition 
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5.4,1 TlTG Analysis 
Based on the study results. tlH: Fargo-Sl Cloud 345 kV hnc IS the rransmission option which 
provides the greatest load-serving bencfillo the South Zone oflhe Red River Valley. It also 
slgmficantly helps the Combined Zone if the local Bemidj i area load·servmg issues are 
scpaTntt'lyaddressed. Without the Bemidji area fix (presumably BemldJ i.Boswcll230 kV). the 
Fargo-SI. Cluud 345 kV lim: has the undesirable characterisllc of cncourdging flow on the 
Badoura-LaPone l iS IN line for the Maple River- Winger 230 kV outage 

Table S.4.A compares bulk trnnsmlssion overloads liD lenns of IllC'remcnUllood MW beyond the 
base 200]12004 peak b "ds') for the "existing system" and The "Fargo. 81. Cloud 345 kv line 
addition" scenarios~ morc dcl ~ il c(ln be found in Appendices F ami G. From this taNe it is 
concluded thM the Fargo-St Cloud 345 kV lme Yields a large mcrcase 10 the tn~rl:mental South 
Zone thcnnal !oad-scrving limit. but is nOI capable of independently addressing the North Zone 
hmit;lI ions. Furthermore. the limitat ions encountered for South Zone load serving are re latively 
easi ly addre~sed f(' lIe-wing ad,btioD of the m:w 345 kV hne. by re..."Unduetonng short 230 kV and 
11 5 kV line segments. wdJIlo 230fll 5 kV tr.iTl.'iformer capacity, or by tapping the new 345 kV 
line at the Sheyenne sub:st.lI1on. 

~iI;A·l 

A*,*",b n. .... ).I~' \' ~ 
O:~1ilS 
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North Zone 
Wml<" Puk 
Summer Peak 

Sou th Zone 
Wmter Peak 
SummcrPcdk 

Combined Zone 
WlIlterPeak 
SUllln~r Peak 

Nort~ Zone 
W,Rter Peal.: 
SWl1Itx:r Pe~k 

South Zone 
Winter Pe~),; 
Swnmtr Pea .. 

Combin.d Zon~ 
Wmter Pe.1k 
Summer 1'(3" 

C:::I ~- 1:::::1 -~ ,-
Tabll" 5A,A 

= C:;', 

TL TG AnalYSIS Incremental Load·Servmg Capability 
(Thermal-based Limit:;) 

---', -. , -::::J '- '--" 

F.~i<lini: §:~I~m I'ar,o-;5:t. ~Ioud J:4~ kV ~ddlt!OI'l 
MW LlI'<lltlng El(IDeni Contingency MW Llmltlng Element Contmgent y 

III HankinMlfl-Wahptlon 130 Jarne~owt> .. C~ntcr 14S '" WLDgc , nOlllStx G rand Forkl .. Falconer 11$ 

'" Drayton ~301 1] S Ix 1111 Draylon "1011 IS t< #2 m Drayton HOiltS Ix //\ Drayton ~)0I11 S IX ti2 

'" SMye,me·FaTgo 230 Jillne'lown .. C~nlel 3-15 m Sheyen",,·Maple R,ver UO M. pie Rtver-RedRtvcr l IS 

'" Shey<:nne.Fargo 230 Jamo'lown .. C~nl~r 345 '" Maplc R,ve. 2301115 HI 

m Hoot Lake-Edge T4p 115 Audubon 230111 5 IX '" Hoot Lake-Edge Tap 1 15 

'" Sh<:~nnc·F "-gG 230 

~ L;m;lin~ Vglrag!; 

146 C:ossl..h 11 5 
635 CaSl; l~ke 115 

'" EndC1lm 11 S 
455 Alexandna 115 

'" Hubbard liS 
6SS Endeclm 115 

Jan!<:>lovo11_C~ote, 34S '" Map le R,~, 230JI \S III 

Table S 4.B 
PV Analysis Incremental Load-Serving Capability 

IVoltage-based Limits) 

Fomes--OOfsey SUO 370 C:oss Lake 1\ 5 
l t lClllcr-Dfayton 230 ." Hem.c1115 

IamesfOwn-Cc"ter 34S S8S End«lin lI S 
Iamestown-Centcr 345 ." EtlMrlin \ 15 

FOI"b<-!.-DorSl:y 500 '" Endcrhn 115 
Jamestown·Cenler 345 '50 E!>derhn 115 

43 

Maple RIver 230/11 5 il2 

Audubon 1301115 bE 
Mapl~ Rjv~r 2lOJ I 1S 112 

Mople Rlyer·WIIIi~r 230 
RalTl5ey-Ba lu BO 

lame>lown·Cenler 345 
Jarnl!"SlOwn-Center 345 

Forbes-Dorsey SOO 
I~tI\C&town-Center 345 

Apperld .. A l 
A~boolorTh!ee~SIV~ 

E-OIWCN-{l5.11\\ 

-.J 
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5.4.2 P-V Analysis 
TJt>le 5.4.B shows the Fargo.S t. Cloud 345 kV lim: addition's effects on the three zones' 
incremental load-serving capability based on voltage ad.!quacy l'onsidcrations. It is observed 
Ihat Ih.- Fargo-St. Cloud 345 kV line improves voltage perfonnance throughout the Red River 
Valleyinonhwesl Mmnesota study area, particularly for winter peal:: condit ions. which arc the 
most IIm!ting condItions wllh heavy Mamtoba lmpon~. This performance Improvement is 
achieved because the new line provides a low-imped.lJ1cc tr~mission path into the RRV from 
the strong ShcrcolMonticd lo source. thereby raising voltages throughout thc Red River Valley 
fOf most regIonal outages. Graph 5.4 .A ~hows eXlstmg sy~tem mcrerroo;:ntalload-servtng 
capability for th~ South Zone during Winter Peak conditions for the outllge orthc Jame~town
Center 345 kY line. 

Th .. South ZUllI: luau sl!rving ~~pabl l ity for N- ! wnumoIlS increases from 340 MW to ~g~ MW, 
while the eorre. ponding limit for N-:! condit ions increases from 155 MW 10 320 MW. Mnre 
detai led resul L~ can be found in Appendices H aod I. 
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5.4.3 V-Q Analysis 
v_Q analysis was performed for a few critical buses in the R~d River Valley region. Th~se buses 
were sele,ted based upon study partidpan\S' e:<pcrien,e and judgment. and the results derived 
from the PV analysis. Graph 5.4.B shows the reactive requirements found for the WAPA 
Jamestown 115 kV bus before and after the Fargo-SI. Cloud 345 kV line addition. During both 
system mtaet and outage of the Center-jamestOwn 345 kV line, the reaetlve needs at the WAPA 
Jamestown 115 kV bus are rcdu,ed by addnion of the Fargo-St. Cloud 345 kV hne. 

l 

Oro h 5.4.8 
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5.4.4 ACCe Analysis 
ACCC analysis was perf<lnned fo r each of the three RRV zones 3t the incremental MW load 
levels sUgj:;esled in the N-l PV al1llysis in Seerion 5.0. The complete output oflhe ACCe 
analysis can be found in Appendix K. Ta.ble 5.3.C confirms the perl"ormaru;oe in Ih~ roegi{)n that 
would be obtained with the Fargo-St. Cloud 345 kV lint: 3ddition with appro."(imalcly 585 MW 
of addition load in the South Zone. Also. 370 MW and 875 MW load increments was modeled 
in the North and Combined Zones, resp«tively. 

Tabld .4 C 
Pcrfonnance with South Zone Winter Peak Load Increased by 5~5 MW 

M<JtH!~ Element , ''' .. ." ~"" 
, 

~ 
, 

~ :;= , ~ ~ 
, , 

, 
Po lican R""""'Edll'l t;>p 1' ~ kV 8adour;a-R,,,,,rt,,.. ZJO kV Iooe W 10111 IIM.I 

This ACCC summ:lry ~uggest~ that two line :Ind transformer upgrades would be required in order 
to achieve the 5S5 MW load-~rving increment indicated by the P-Y analysis. However, the 
Fargo 230/115 kV transfonners ,"lTe already scheduled for replacement with I,uger units 
somelimc during the next few years- long before a load increment of 585 MW would ~ 
e."<p<.·nL-n~"d . Conscqu~ntly, the ooly ~ddltlonal system upgrade required in order to :Iehieve the 
5f15 MW load-serving mcrem~nt would be the Hoot Lake-Edge Tap 115 kV reeonductor. 

5.4.5 Dynamic Stability Analysis 
Testing the long-term solution of the Fargo-St Cloud 345 kV line addition ("SIO-") shows thaI 
power systo::m dynJ.mic stJ.hLhty ~rformance Lmproves with ro::spect to the critL~al mo::asures of 
system damping and d)'Oamic voltage pt:rforman~e compared to the existing ca~c I"RR Y ."'). The 
Fargo-St. Cloud 345 kV line is shown 10 reduce the reactive outputs required at the c)I;isting 
Watertown and fargo SVCs This is sh("Own in the Watertown and Wahpcl("on Voltage Plots 
(Fib"Ure 5.4.5 ) and m mure uctall in Appcndll'es M lind N. 

The observed improvement In dynami.: stahility perfonnance indicates that. in addition to the 
important load-serving benefits, t~ F3rgo-St. Cloud 345 kV line additi(ln is also anticipated to 
yield llpproximately 350 MW ofaddilLonal NDEX capability. Stability simulations [It this higher 
NDEX \I,lnsfcr level arc provided in Appendix M. 

When lesting both long-Ienn solutions (Bemidji-Boswell 230 kY and Fargo-SI. Cloud 345 kY 
lines) along with the short-term reactive improvements (Wilton SVC and Prairie SYC), the 

46 Appt""" .... J 
A"*",,," lot TI"IM J.4~ W ProP;d. 

F.m~'I.ff. ll 1~ 
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achie1lable NDEX capability as measured by the dynamic stabihty limit, increases by II1ata1 of 
approximately S50 MW, \0 2500 MW, based on an exisllIlg recognized "TDEX dynamic stablhty 
limn of 1950 MW. 
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6.0 Loss Analysis 

Tnm~mi~sion losses consist of demand /MW) and energy (MWh) losses. Th~ dem.:md loss 
analysis (Section 6.1) is perfonned by examining the powernow simolatlons' loss data for the 
conditions o f intem;1. Tbt annU<lI energy losses for the transmissIon options (Section 6.2) are 
calculated from the demand loss yalues by tne.lOS of an .:mnU,1l loss factor. Derivation oftbis loss 
factor is also described in Section 6.2. 

A 20-year cumulatiye prescnt worth economic evalua tion of lhe trdnsmission options' dcmand 
and energy loss reductions is p",vided in Section 6.3. 

6.1 Demand losses 

Table 6. I .A shows the winter peak losses for the releyant combmatlons of system conditions for 
the ''Total Sy~tem- and the diffen:nt ,,:onlTol areas in the Red RiYer Valley Ylcinity. lbc l olal 
System Losscs" figure s in this tabulation arc the demand (MW) losses for lh.; enti re North 
Amcrican Eas tern intcrt:onncction fo r the conligurJlion Jnd loading condItion ~ tudied . ThIS 
table shows results for only the Bemidji-Boswell 2311 kV and Fargo-St Cloud 34~kV ('ptions, as 
they result Ul the brge~ loss redUCIK\f\s. Subsequent tables include results for all trammission 
options siudiffi. 

Tablc 6. I .A 
T ransmIssio n LosSl!s. MW 

Winter Peak (with JCIWlI200J/4 RRY Loads) 
(MtIEX · .11 7 MW. !'IDEX -·77 MW) 

b!l\Se,.I\1W 
Tolal 

SnlflR ill!.t M! OTP 
£lI,tial Sy""m 11%.l.0 "" 10~ 5 '" 
Add 1kmtdll-~wfll 130 1;.,," 11941. 1 !IS r '" B.~ 

Rt'<kJ~liunl. (MW) 219 " U. ." 
( ~. Of lOUI) '''' 

, OJ ., 
Add FarK......st Cloud >451;.\ ' tl~3A '" "OJ 11 .6 

Rnlu( I00n_. tMW) 19.6 " SO " I~ Or \(ll3l) ' 00 , 
" 

, 
Add Ih-mldjl-fkts,.f ll no I;.V&: t1 9~7 ! '"~ ." 72.1 
Add F. I"1t......sl O .... d 345 kV 

RWlk:l iuns· IMW) lS. " loA ,. 
I'Y. nflo1.ll) "'" • 49 

" 

~ Xn l 
170 8 2M.6 

.," 2022 

" " " " 
"" 195.7 

" •. , 
" " 

161.4 \ 9-1.7 

' .. ,., 
" '" 

APf'ODdi, A-l 
A~lOrnne14S ~VFIII1I!C1S 

E«r.!."c/j~1 1 15 
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From thlli table il is seen that loss trouclioos arc present in nearly every control :m:a for .:ither 
transmission addition. The only exception is the Qrtcr Tail control iIl"CJ for the BcmKtji-B¢;wcll 
230 kV 3ddillon. which is due to the new line being modeled entirely in the OTP control area. 
This ~su1t would not be obtained if the ncw line ~rc instead modded in the MP control an:a 

The:! 1.9 MW total loss n-duction achkvcd by the Bemidj i-Boswell 230 kV line is notable, 
cun~idcrinG no ~pecia l dIan sm;h ::lS considel'1l1ioo of a lternatiye cooductor S12es has b«n made 
tooplimiu ill! pafonnance and that the much-longer Fargo-S! Cloud 345 kV addit ion yields 
only a 19.6 MW total lcs! reduction. 

Econt'mic evaluation of the demand {MW) losses was IlQt performed baSed on the Table 6.I.A 
values because they reflect wllllcr peak conditions. A ith(HJgh the load regions of interest arc 
w inter peaking. and the resultant loss reductions will genernlly Ix: highlCSt during winter peak 
condJlions. the Midwestern U.S. is strongly ~um.mer p.::aki.ng. Consequenlly. wmtcr s~a.sun 
Kt"fleratmg capacity IS of relatively low in l,;rcmental value bc:i.:ause ao.\cquatc generating capacity 
i~ in.,talled to S3t i$fy the higher 5ulluner capacity requirements. T.wle 6. 1.11 shows bolh the 
summer and wmtcr Ikmand loss reductions 

Table 6.18 
Demand Loss reductionll. MW 
tTutal Eastern InlefCOrwcdionl 

West Source (Harv..,y-I'rairic :!JO)':V j 
North Soun-c (Lf lellier-Du yton-Pr.liric 230 #2) 
EJst Sow,e (B~midji-8<Jswe1l230 kV) 
:SOUth SoUfie (Fargo-SI. Cluud .\J S kVj 
Intemal IFar~o-Grnnd Forks 2JO kVI 
BcnudJ.-Boswell no & F:U!;Q-SI. CIIIUd J4S kV 

Yl.in!£I 
7.0 
:!.4 

21 'I 
1'1.6 

'" J18 

Summer 
lA 

" 'J 
12.1 
OJ 

17.1 

From Table 6. I .U it is seen tWl a ll tr.&llSmlSlOion options except for the ~North Sour,'c" have 
signifkantly lower loss l\.--ducllOTl.~ during summer peak than winter peak. The Nurth Source 
dlffcrs from all other optinns by having higher loss reduc tIon lIuring :summer peak coDditions 
hceausc this option estahl ishes a new Manitob;I-U.S. interconnt!Ction: the new line rdieves 
Io;ldm~ un thl."" other Manitoba-U .S. inlCTCQfIIIC{"tions. IVb i~' h ~re heavi ly loaded during the 
summer condition 

Based on the summer demand loss reductions, the transmission option~ yield the following 
annual demand-re lated savings, based on the assumption that the capacity savings represents an 
avoided installation of generation peaking capal"ty having an installed cost of S400IkW and an 
annu:lI filed charge rate of 1 ~W.: 

"II1II..,;.,,·1 
A~1OI11"lree).lS ~v PJOIKU 

e~N-Q&.1115 
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Table 6.1 C 
AnnU31 Ocmand Loss Savings, S I ,000'5 

(ToI.:II ~tCTll Interconnec tion) 

Wcsr Soun;e (Harv.:y·PT:urie 230 kVj 
North Sdun:e (Letcllicr·l>rayfOD·Pr.lirie 230 #21 
East Souree (Bemidjl-BosweU:!30 kVl 
South Source (Fargo-St. Cloud 14S kVj 
IntrmaJ IFargo-Grmd FUlJ,,~ 230 kY) 
Bemidji-lWswdl 230 & Fargo-St. Cloud 345 kV 

$ :!3S 
J9J 
366 
835 

" 1.1 80 

Nore ' above values are ba~ed con IIS~'. O( K lu," MW lvss reduct ion. be,;ause r~servo: 

~hW'InS 1'1",1 Cap;!!;il)' obli\!.ahon IS I I S·'. of load and ltl~~. 

6.2 Energy Losses 

Annual energy lo!;S savings 3re calculated from fhe winter demand ll1iKs by IJS.C' of an :mnual 
loss factor The lOS! f~tor was compuTed u!mr, the ~al-time li~ lo*,ing dab provided for the 
study. As a Combined Zone, each hourly dem311d tlo.>ad i losses ) W.lS oorm.lhzcd to the peak 
demand of 1903 7 MW. The avcr .. gc ofthc~ norm:liized vaJues IS the lo~ 1l f;tetor; it was 
determined K> he 63. 1 ",. 

The norm3Jized hourly demand v.llues were tben squ.ned. The average of tllese squan..'d 
nonnabzcd vllluo:s is the annual loss fiu; tor: it was do:ttrmined to be 41 .58'Q. 

'Ibe following table shows all Ihe load factors and l os~ factors for thJ:' shldy zum:~ 

Zn~ 
No", 

S""~ 
Combined 

T.lhle6.2.A 
Load and Loss Faclors. ·/~ 

Lo(,,1 Focl •• r 
63.4 
59.4 
63.1 

i.Q$S Fact(o[ 
41.1 
36.8 
41.5 

Th~' " Combined Zone" facto rs don' l ~qu~1 the avo:rage of tho: North and Soulh Zones' factors 
even wh~n adjusted for Ihe diffcrin~ amuunt. .. of load in thc two zon es. duc 10 Ihe non-coincident 
nature ofthc two zones ' peak load-< In (3Ct. the two zones- pc:Jk load!; oceurred { In dIfferent 
days dur1l1!; the winter stud i.:d (:!(K)J·2004). 

J\nnu.&l Enr:rgy Loss Savings were obtained by mUlliplying the on-peak winter MW loss 
reduction by the Loss FacfO[ and by the number of hours per year (87601. The resultanl (mnwl 
MWh figures were then convert.:d to corruponding dollar valu es by multIplYing by !Ul ltSSumcd 

avernge annual cnergy COit of$25/MWh. ThIs $2SIMWh enet"g)' 005t is an estinute:d average 
cost of replacement r:nergy from the exisling regional generation resources. Thi~ value IS 
~rre!!CnL1 t ive of present-day J:'DI_Tgy costs. No effort was made to I'I.'flect possible futW"e energy 
ellst esclllation. 

,.,.,.rtdi. A-3 
Appbtmlll' TIll. :145 ~v PI\lIOlCU 

F.m:"II'"tulll-m~ 
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, , 
West SOurce (H""",y_Pl"3lnc ~)O "VI 

T3bJe b 2.D 
E V31U.ltion of Energy Losses 
(AI i2SIMWh energy value) 

P,.k Loss Lon Loss 
Reduction Fa"tur S.vln~ 

i\fW ----1L Avl!. MW 
7.0 ·11 .S 2.9 

North Source t LclClhcr-l.>r;!yton-f'r~inc 2)0 1111 

E,w Swn;c lBcnnd,,-BoswcIl 2301 
2.4 41.5 I 00 

21 9 41 5 'U 
Saulb Source jF.lf"""St. Ooud J4S kV) 190 41.5 8. 1 
Internal fFMgO-(ir.ond Foru 230 kV, 40 41.5 1.7 
Bcmidji-Dos .... ~ 11 DU & F:oJ);Q-$t. C1Qud 345 kV ~~ . 8 41.5 14.9 

Annul i Annua l 
Losses Savings 

Mm 1..l.J!!l!:! 
25.400 635 

g,760 219 
19.100 1,990 
7L000 J.7BO 
14.900 373 

131.000 3,280 

Tabk b 2 8 shows the annual energy loss savings resulting from the "Eas!" and " Soulh" sources 
are the hiShl""S1 (nearly $2 milhonl. while addition of oolh the Bemidji- n Ql!well230 kV and the 
Fargo-SI Cluud 345 kV \ioe yields an aMu31 energy loss savings of approxllnately $3.3 million 

6.3 Preliminary Present Value Economic Analysis 

The pr\.'SCnl value cwnomk anJ lysis dC"SCribcd in this Se(tion was ptrformed to assist in 
d.:termming whether the tmnsmission OPIiO~' Inss d ifferences arc s ignificant rc lattve to thcir 
capital- related revenu~ requi rements. It is import.lllt to k.ccp m mmd that this analysis was 
pcrfonncd uttlizing mdicat ivc facili ty costs dlld estimated quantities. in conjUlKtion with 
l!1:ooomiG p.il"Jmcler ,'a lues 3nd :assumpt ions Hut W~'Tt: cOrL'iidered hy tbe study group to be 
appropri:lle for this prelimInary lyre ('If ana tYS IS. 

More-detailed analyses, whIch will be perfOittl\:d at a later dJte by ID(h vidual transmiss ion 
.:nlitie:s or groops ofpruject panicipants. will employ dab deriv.:d from better-detlned [inc 
routes, refined subSlatiun c(lofiguraltons, and company-specIfic ("Conomic paratn.:ters. 
Consequently, the installed costs, a.'isociated reVl"ftut requirements, and eillcul.3ted present values 
willlik.dy d iffer somewbat from those presented in this preliminary 1ID3lysis. Recognizing these 
limitallons. the v31ucs presented ;n this present 3nalys is arc sut table and appropriate for the ir 
intended use in Identifying differences amung the tmnsmission oplions' economic performam;:e. 

nle eumululivc lifetime econumic value of the demand and energy [OM reductions was evaluated 
for each trJns miss;on opt ion by assuming a 20-yo:ar period for the durat ion of the: loss 
dt ffcrcnC&.~, :and a discount r3 te of 6 ff'loIyr, resulting in a 11.47 "present value of :l1Inui ry~ lactor. 

Transmiss!on system econorme analyses are ordinari ly condu~ted with 10nb'Cr study periOl!s, 
typically 30 to 50 ye:uno However. a 20-year study period was selC1:: led in tbis ins tance because 
the los~ dtfferences change over timo: as transmiSSIon syst~m addll ions arc made nnd as U~e of the 
transml~1Un sys tem is modified due to both l'hango:s in generation pattl'ms and changes in Iwd 
kvd~ and locations. UM: o f a 20-year tenii ensures that the ~ alcul ~to:d loss values willlerKI to be 
conservative !low com~red to :lctual resu lts obtained ). 

Appt(ldil .... J 
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Table 6.3.A shows, for each transmission opt ion. the 20-year cumulutive present value oflbe 
d.:mand and energy losses. 

Table 6J A 
Economic Evaluation of Demand and EncrlO' Lo~st!s : 

Annual and 20· Yell r Cumubtive Present Value o f Los~ Reduc tions 

Wn t Soure\: (HlIl'W)'-Pra",., 230 kV) 
North SQurc~ ( Letdhcr·Dr~yton· Prnine 130 11'2 ) 
East Sourc~ tIknudji-Bo.wt Il 2)1l ) 
South Source (F:lfg<)-S t. CIoud)4.5 I<VI 
Internal n::..-c<>-Grmd Forb ~JO "V) 
8 enudJj·UO!wdl 231) &: t-·...-go-SI. Cloud 345 tV 

Annll31 Si\viOl:$ ($ ! 009'" 
~.Em:!.Q: ToLl' 

:! J5 6JS 870 
39J ~l!ll 611 
366 1,990 2.3 56 
835 1.180 2.61 5 
1 1 313 39J 

L1 g0 3.280 4,460 

CllmuLolivc 
IS M, ' hnn~ 1 

10.0 
7.0 

27.0 
30.0 
4.' 

51' 

From Tahle 6.3 A it is (vilk"1 that the Bemidjt.Boswe1l 2)O kV 3JIJ the Fargo-SI. C loud 345 kV 
transmISSIon options YIe ld SIgnifi cantly hIgher loss savings than any ofthc oth.:r oplions. Also 
notable is tha t the "Combincd~ option of install ing both the: Bemidji-Boswell 2]0 kV ami the 
F;ugo-St. C loud].l5 kV line yidtb a 20-YC:lr ~sent W(\nh loss sav ing,; of over $51 nullion 

To put thl: 10'$." savinss in perspect ivc rcbth'c to the trmsmiS~lon ort ions' costs. Table 6 ] .B 
rrovides a rouSh C<lmrJrison of the cumulative I~ savings (from Table 6] A) to the 
transmission proJocts ' 35-year li fetime ownership o,:osls. The transmission optIOns ' "CUmulalive 
present Wl,nh or revenue requu'e meuts'"' estimate is bascd on the fo llOWing: 

Approx i m:l t~ linc mi leages, per Tablc 6.J.B 
Instnlled cost orS500,OOOImile for 2]0 kV lUlU S800.()OO/milc for 345 kV line 
Substat ion costs are $2,00 1,000 per substation mvolvcu 
Fixed ChMge Ratl,; for 1r3nSlll ission of 1 6~" 
(nll~ 15 Ihe f~c lOr uscJ 10 comrUle Ihe l cvdl lCd J\nnu, l RevUluc R<q\IIrt lMtI' [LARR1) 

• Dlso,:owlI r.l te '" 6%/yr 
Tenn " 35 y~ lnssu~d li fe oil1:msmu sl()n faCIli ty ) 

'nw resu ltant " present va lue of annuity" factor for thc 35-year tenn is 14.50. 

The transmission line and substation insta llC'd cost e~timates derived fr(>m these asSUlIIpllOOS are 
3dmiltedly vcry arrroximate, as they are developed from generic per-mil t and rer-slte cost 
values. without bencfit of deta iled si tc or ruute investigatioDs. or speCific. fadlity designs. 
Howevcr, cost estimates o f this rype are ade\juale for the purpose of determining for each 
transmission option whether the cumulative present value "f the loss savings IS signifiC3nt 
compared to the cumulative present value of the tmnsmission Orllon 's revenue requiremeots. 

" 
~pptl1dl' ,A..] 

o\IICIIUIIDn b' 1'- 1-15 ~v Projodl; 
~-OO1JCH.(6.III S 



88 

'. " 

. . ~ 

~ . . , , ., 

Table 6.3.B 
Computation of20-yr Loss Savings as a % of 

TrJnsmission Optioo.s" Cumulabvc Prelcnt Worth of Reyenue Requirements 

S MllliS!n~ 
In.u91led COS\ CumPW ~ - 1m< .... "'" I.A!lli -""" W tJ;! &lure" m ....... ey-Pnu,..., 130 t V, '" " 6 79 12.6 183 10.0 , 

North Soun:e rLctcUicr-DrnYIUn-Pnune 23fU2) "' " 6 61 '.8 142 7. , 
E3S1 SO\lf"tt t1Jfm,dJI-Bo!.wfJl 230) 65 » 4 37 , .• 86 17.0 )] 
SOlllh Source (Fargo-SI. Clood 345 tV) 16~ iJ2 • ' 40 :!~.4 J:.'!5 )0' 9 
Internal (FIY&!)-Gmnd Forb 2)0 tV) " » 4 37 , .• " 4.' , 
DemidJi-Boswell 2JO & fargo-S I. Cloud 345 :BO ' 65 12 177 :!8.3 411 SI 2 12 

ExammatlOn ofT:lble 6.3.B reveals that 
The Bemidji-Boswell 2]0 kV option's loss savings ill cqu:,j to 3pproximately 3 1 ~" of its 
caplta l -rC'lat ~"t,\ revenue reqlllre~nts. 

The corresponding figure is 9% for the Fugo-St. Cloud 345 kV Ir.lIlsmission option, 
whi le all other inllividual options m at only 5-1._ 
The "combined" Bemtdjt.BoswcllJFatgo-SI. Cloud optIOn yie lds a I~~:' V'.Jlue. 

From tbis infumution il is (Oocluu(d thaI the Bemldj i·Boswell 230 kV oprion '~ loss savings '5 
significant relatIVe to its eopitill-rcla teu revc:nu(- n:qum:ments. Even wi th the conSCI"\',lt!ve 
assumptions employed, approximately 1/3 of the Bemidji. Boswell :!30 kV line's revenue 
I\'quiremcnts nre expected to b\; uffset by the demand and energy savings resulting from its 
;nstallat i(ln. 

" 
_ppondD .... ) 
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7.0 Conclusions 

The Nonhern region of the R~ River Vtll1cy needs transmission improvements in the rn;ar tcnn. 
During winter peak load conditions. with northward flow across MHEK Ihis art:3 in the nc~ar 
tenn will he deficient with respect to first contingency tN·!) and is cuncntly defIcient for second 
contingency (N':!) load-serving capability. The deficiency is based upon the identified mability 
to mamt.lin posi-coolingent voltages above criteria. primarily in the vicinity of Btmillji_ 

The short-Icnn improvement of additional Wilton reactive support wOllld help with vohases in 
the Bemidji are:! unli l a iung-Tcnn transmission addition, such as the Bemidji-Boswc1l2JO ltV 
line. ,:ollld be placed in servin', The react ive support would then have ongoing value in 
supportinG the new source's cffcctivenes.~ in load.serving Md would provide ~giona l dynamic 
stabi li ty benefits if it were an SVC or equiv3knt den.:e , 

The Fargo-SI. Cloud 345 kV transmission option is nOI particu l ~rly effective 31 proVIding load
sCl'Ylng suppon 10 the northern RRV sub-area bcr3us<: the Maple River-Winger ~30 kV outage 
isolales this new transmiSSIOn source from the nonhem RRV lwd eenler. However. it vcry 
effectively addresses the exislm~ SI. Cloud and imminent Alel(andria N- ! lo~d-scrving 

ddieiencies while improving N- ! and N-2 k,ad-servmg capability for the region tiS a whole. 

The Southern region needs addition;!.1 shunt capacitor additions 10 suPPOr1 post-COll lmgcnt 
voltaG<!l!. unlil a long-Ierm transml!lSlOIi improvement can bo;:: implemenled. These capacitor 
addilio~ would l>c III the Jamestown (W APA I and Hubbard/Audubon VM:lIlilies in addllion 10 
those recent ly completed. The most effective long-term transmission solution fvr the Southern 
region is the F.lrgll-Sr. Cloud 345 IN line. as it bnngs a new source inlO th", Akxandri:l and 
Farllo load centers, amI could also he developed in a way Ih:lt could provldc support 10 the 
Audubon/Hubbard viL·inity . The BemidJI.Dosweli 230 kV lillI', If constructed first. would also 
help augDlent Southern Region load-servmg cap..!hi lity as:ul intcnm slep. until the 345 kV line 
wultl be built into the arcll. 

Ultimatcly, both the Bemidji-Boswell 130 kV anti the Fargo -Sl Cloud 345 kV hncs or 
equivalent local gencr'3tlon additions are ~css.uy for deveklping and maintalll ing adequatc N- I 
and N-2 load-serving tapabi lity into the Red River Valley I Northwestern MlIlnesora. In 
add It ion to load-serving benefits. the hnes also appear to provide some increase in tr.msfcr 
cap~bl lllY aeross NDEX and reduce tr.tnsmission losses. An additional study is und~'f way to 
detenninc wbcther addition o f local are:l electm: g~nenltiu n is a reasonable altern:lIivt: to the 
construction of new Ir.tn~m ission lines. 

51 
AppttHf. ".) 
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A St. Cloud 345 kV Sensitivity 

Background 
A ~ensitiv lty llnalysis was pcrfonncd to eV31uate various possible tennination pointlf orlbe 
proposed 345 kV ltnc addition !'rom Fargo to the northwestern tomer of tho: Twin Cities 34S kV 
loop. wilh a presumed tlp in the St. Cloud area lbese three options were evaluated.: 

• The 345 kV line Icnninat ing 3t Benton Co. (wh:lI was used in this study outside o f this 
sensitiv ity analysIs), being rouled north of 51. Cloud, tapping the West Sl ClOUd-little 
Falls 115 kV liae and then crossing the Mississ ippi River before reaching the BtIl ton Co. 
Substation. 

• llJe 345 kV linc lcnnH\atiog at Shcrco, being routW south and west Or Sl Cloud 
(conceptually following the 1-94 conitlorl with a tie inl0 the SI Cloud 115 kV loop at or 
ncar the Sauk River or West 51 Cloud Substa tions and then crossing the Miss issippi River 
to reach the Sherburne Co. Substation. 

• The J 45 ltV line temlinating al Montlcello. being routed south :lOd west of SI. Cloud 
lelloccprually following the 1-94 conidor) With II lIe inlo the S, Cloud II S \.: V loop at or 
ncar the Sauk River or West St Cloud Substation and then terminating at the Monticello 
Substation. No Mississippi River crOSSing is involved. as the Monticello Subst(llion is 
located on the west hank of the river. 

The followmg Table A.I summarizes the thr1:e tcnmnl lion oplions· performance with rcsp!Xt to 
the llmount of incremental St. Cloud metro m:a lood that can be sUPf'On ed within the apphcable 
lowing criteria. ~omt: shunt capacitor audi!ion~ may be r\:quilTIl. to achieve Ihese thcrmai liml ts; 
however. th ~ economic imr act of such Iohfftrenccs between the tenninallon options Wi ll be 
relatively mmor compared 10 t~ ufthe thennal tinuts. 

Aflpon4l" .·l 
~~1ionbTIwI:lf~~VP~ 
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Table A.I 
51. C loud Double Contmgency Comparison 

fI,>r the Three Termination Options 
(Incremental SL Cloud Metro Area Load, MW, 

liNTON ~I w<ERCO 

All three tenninalion options arc conceptually similar with respec t to the 51. C loud region 
hec:lusc they provide a Il!:W Ir.msmission SOlll1:C to the West S1. Cloud r~ gi<'ll . Huwever, when 
lemunaling 011 Benton Cu. the 5 1. C loud region dotsn'! rect'ive au addillonal transmission 5OUrt:e 
from the $Quth t Shcr~oI Monllcello area). This grea tly restricts the mcremenLIi load,scI'\' ing 
capability of the region during N- J conditions. panicul:.rly for loss uf the Shcrco-Beruon Co 
J45 kV line. To solve this problem. 1I second l oiS kV circuit w(>uld need to be added bctWet'fl 

the 51. Cloud a~ and the Shl'f'OOlMonticeilo sySkm, 

There IS httle difference between the Monticello and Shen:u h:rminatlOns t:~ccpt for loss of tho: 
345 IN lic between Monticello:mJ 5herco. When this tie IS 100\, the" pMse angle between thl: 
machines at Monhcd lo and Shcrco Ixcomes great ("nough to result in more power flowing from 
Shl:"TCO to SI. Cloud t}lIm from Monticello to 51. Cloud. 

Delllilcd com[lari ~on o{lcrminatjon QpllQns 
For the option .:>(terminating the new Ime at the Renton Co substat ion, no additlooalload
serving l'apabllity IS a.:hievcd unless a Ioecond Monllocllo 3",51230 IcV transformer is added. 
With the addition uf a second Munt icello 345/230 kV transformer. the Denlon Co opllon is 
limited to appro)( imatdy 232 MW due to the overload of the Montkello-Ikntun Cn. ::!30 kV line 
upon loss oethe:" Sherro-Benton Co 345 kV. Reconduetoring the 22-mile Monticello-Benton Co. 
230 kV line would alk",iale this probh:m. hut the next limiter is encounte:"red 3\ 284 MW. 

In cuntr;JSt. the Monticello lind Shereo terminat ion opt ions immediately achieve 24(, MW of 
irK"rmu:ntaJ load-serving capability. Addition of a sccorni Montice llo 145/230 t V transformer 
increases the incremenLd 1000-scrving capability to approximately 320 MW. at which point 

, Apptndl. A·J 
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addition of 1I 5~tond 345/ 11 5 kV tr..msfonncr is I1:quircd :lI lhc new 51. C loud an:a 345/115 kV 
sum."1ation. 

FollOWLJlg the addition ofthc sccood tnmRformcr al the new SI Cloud area 345/115 t V 
~ubstatioD. the Monticello and S hereo option.'! d tffer in perfonnance. The Monticello (lption is 
limited 10 343 MW by the outage oflhe Sherco-Monticello 345 t-V line in conjunction with 
outage of one Benton Co 3451230 kV tr.lllsfonncr. The Sherto option docs ItOt have this 
limi tat ion: ils nClll limller IS:II 435 MW of mcremenUi Sl Cloud metro load. This difTeren.::c 
arises because for the Monticello termination option. following the Shcrco-Monticdl0 345 kV 
outage tbe two southern P.11bs ISherw-Ikntoll and the new Montkello-West Sf. C loud Tap) do 
no t ~harc the I03.ding proportionately as a I'l:suit ufthe phase angle difference between Shm:o 
and Monticello. This t:lUStS the remaining Hellion Co 3451130 kV Iransfo nncr 10 overload. The 
remedy for this condi tion is to odd Uu-ei: 145 kV breakers al Monlicello 10 enable loop- in ufthe 
Shereo-Coon C reek lin.: that CU/T~l ly hyp.""" ... ~ (hut i .. adJacent 1o) the Montieello Su~bhon. 
Alternatively. the Benton Co 3451230 kV transformers could be replaced w ith larger units . 
Sclmion of the preferred COllfS\) of action for Ihis future improvement would be dcpendent on 
the results IIf dynamir stability studies, sinrc the Monticello 345 kV IOt' r--in would likely have 
s ignificant stability ramifications. 

Both the Monticello and the Shcrco optiolls o ffe r better cltctrical performance than that a~hieved 
with the Benton Co. option while requiriog fe wer ao.lditi('nal transmi~i{)n improvements In 
particular, the reconductor ofthe- Mont icel lo·Bente n Co 130 kV is not required. From a routing 
perspective, the Monticello option b>lS tho: advantage of nut invulving a MississipJ"li River 
crossing. although it T~u lts in the greatest miltage of new 345 IN line (approximately 5·7 mtles 
more than would be the case fur h: rmlllJting (It Shel\:o ). 

Another favornbk charac teristic of a Monticello tennlllation is that perfonn:mce for NERC 
Rcliability Criteria "Categury on disturbances (extreme dislUrhanecs beyond tnc scope of this 
sllldy) would be \x:UeT than that for a Shell:o temunatlon. Th is n:sult would be obtained bC"l:ause 
t}lI: "Ios ~ of enllre substation'" 5cen~no 15 more severe for (\ Shcrw <.ICc~nee than for 
Monticello due to the much lilrger amoulII of generation pre~nt al She reo, the luss of which is a 
very severt: conling.ency CoflSt:qutntly. the reliabi lity improvement achll:ved fo r Category 0 
disturbarK:1$ woold be gn:aler for a Mom icello h.'T1fIinatloo of the new line than for a S hereo 
termination. 

Conclu~ion 
Consldenng the electneal performance chll racteristlcs of th~ truee tenmnation options. it tiln be 
logically cOlICluded that the Monticello and SI\l: t\:o lermlllation opt ions yield the highest SI 
Cloud area lood·serving capabi lities w hile also requiring tile fewest additionaltr.msmisslOn 
system Improvements. 

The M onticello termination optiun a lso has the desinfble feature of not requiring II new crossing 
oftht: Miss iss ippi RiVer. and would yie ld the bes t Category 0 pcrformaoce. 

COIlSH.lerinS a ll relevant fac lors. tht: Mont icello te rmination i~ preferred. with Shereo being next· 
best. and Benton Co belllg the leaM desiroble. 
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CapX 1020 T«hnical Updatr: 
Identifying Minnesota's 

Eledric Transmission Inrrastructure Needs 
October 2005 

EXECUTrVl: SUMMARV 

Blckground 

Minnesota', electric transmission infnstructure, a network of transmission lines of 230 kilovolts 
and higher, primarily was desigm:d and built during the 1960s and 19705. As exp\3.ined in 
CapX 2020's December 2004 interim report. tbe system is adequate to meet today'oS n«.!s. But 
to support customeB' growing demand for electricity, this high-voltage transmissIon !!)'Stem in 
Minnesota and neighboring states requires major upgrades and exparuion during the next 
15y~. 

To ensure that this backbone transmission system is developed aDd aVililable to serve growing 
demand for elC(tricity and to plan for major eapital expenditures. Minnesota's largest 
I13nSmission-<lwniog utilities-Great River Energy, Minnesota Power. Missouri River Energy 
Services, Otter Tlil Power Company, Southern Minnesob Municipal Po ..... cr AgencY . .lnd Xtel 
Energy-initiated thc Cap;': 2020 projet't. 

C3PX 2020's mission is to: 

• Create a joint vision of required trnnsmiSliioll infral:itructurc invelitments needed to meet 
growing demand for electricity in Minnesota and the region. 

Work to create an environment that :'1110 ..... 5 thcse projects to be developed in a timely. 
efficient m:mDt't. cOIllI istent with thl:\ public interest. 

The utilities have complcted a draft study that define s a vision for b'ansmissioll infrastructure 
investments needed in Minnesota through 2020. That lechnital study, which meets the first pari 
of Cap X 2020's missioo, is described ill this report. Studies will continue to de1Ct'mine which 
faci lities will Deed 10 be built flISl As other regional transmission studies are completed, they 
wiU be integrated into the Cap)( 2020 study. A report that describes progress 00 the second part 
of Cap X 2020's mission, including pcndmg legislation, is plannetl for this summer 

Study overview 

In developing this long-range pltlrl for major ncw construction, the CapX 1020 technical team 
considcred two potential scenarios for growth in electricity demand: 

I. Anticipated load growth of2.49 percent 8/UlualJy from 2009 through 2020, for an 
increase of 6,300 megawatts. This is bued on load projed~DS for utilities with 
customeB in Minnesota, published by the Mid-Continent Area Power Pool (MAPP) in 
the 1004 MAPP Wad and Capubility Report and in recent uti lity resource plan fihng!. 
load growth of6,300 MW would require over 8000 MW of new geoetatMJn, given losles 
that occur when transmitting. 

2. Slower load growtb-abc.lut two-thirds of the published load projl.'Ctioos-<lf 4,500 MW. 

ApptndIA A·1 
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Ba.scd 00 infonnation tmm independent power producers, wind developcrs, utility resource 
planmng 5tafr, and the Midwest Iodepr:Ddent Transmission System C>pc:rator'$ generation 
interconnection queue, rhe team also worked OUI three gcntl'3tion scenarios, each including 2.400 
MW of renewable energy, to illustrate potcnliallocations of DC:W electric generating plants or 
wind fanns. 

Thc goals were to identify new tr"olnsmission inckpendent of where plants are localed and to 
identify new transmission specific 10 particular electric generation scenarios. The learn 
considered planning requirements for JnCCting the Minnesota Renewable Energy Objective, 
addressed issues re lated to relieVIng tnmsmissiOD congeftion, and focused on higb-VO\Llgc: 
solutions th.J1 best addres&ed the three different per-dlion scenarios. 

Results: The CapX 2020 VisioD Plan 

Facilities eommon to two oflhe three generation scenarios were idl:Tltified lIS the cornerstone of 
the CapX 2020 Vision Plan--I .620 miles of 345 kV transmission lines that total SI .215 billion, 
about 80 percent of the cost (If each scenario individually. The following table ident ifies these 
f:u:: il illes. Any long·range vision plan 3.1so will have to Include additional unique (adlities for 
each scenario. 

Faeility Name 

From • Vo)t lkV) Miles Cusl ISM) 
lexandria. MN enton County 

St. C loud, MNl ", 8 • 
lexandria. MN ~ple River 

(F"go. NO) ", )2 94. 
Dleiope Valley amestown. NO 

Beulah. NO) ", 185 138.7 

~whead bisago County 3.' 
Duluth,MN) Chisago City, 

MN) 12 • 
Arrowhead Forbes 3. ' 
Duluth,MN) nonhwC1It 

6( Duluth, MN) 4 
~nlon COUllty ~isago County 3. ' 
St. C loud. MN) Chisago City, 

f.,NJ ,. 44.:!5 

Benton c~~ ~nile Falls. 34' 
St. Cloud, II 82.5 

Benton County SI. Bonifacius, HI 
SI. Cloud. MN) MN 62 46.5 

Blue Lake Ilendak. MN 
southwest T"'-ln 
ities. MN\' 34' 200 I' 
hisago County Prairie bland 34' 

~~sago City. ~ Wing, , 61.5 
olwnbia r0rth LaCrosse 34' 

" 6( 

2 
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lIendalc, ND Hettinger, ND 345 231 173.25 
lRocheskr, MN [North LaCrosse:: 

345 6<J 45 
amestown. NO ~aple River 

kFarJ:!o. ND) 345 10 80.25 

~irie Island Rochester, MN 345 
Red Win!!:, fvlN} 5 43.5 

I Totalm~~ 
162 

Total[;~ 
$l~IS " 

Conclusion 

The CapX 2020 technica l team believes the resullS documented hen: to be: the basis for 
additional sMlies 10 better identify Ihe transmission needs of the srudy region. The following 
report details the technical study behind this update. Section beadings are: 

Base model assumptions 
(about loads and generation and how ~cenarins were detennined. biases). 

Analysis 
lof study assumptions such as system conditions. contingencics, Big Stone II, and other 
sensitivities). 

Scenario analysis 
(of existing system performance, transmission a lternatives. and line flows on interlace 
and tie lines). 

S low growth analysis. 

Common fac ilities. 

• Conclusion and next Sleps_ 

CapX 2020 Technical Team members. 

• Appendices. 

Although the existing transmission system is adequate to meet the reliability needs of customers 
today. the CapX 2020 study shows that the study region will experience specific and numerous 
transmiSSion overloads, outages. and voltage problems if we ma).a: no tram;mission additions 
between now and 2020. Collaborative efforts and plans, such as those identified in this report, 
are necessary to reduce the risk of investing in new transmission infrastructure and to preserve 
electric rcli3.bility for customt:TS. 

3 
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eArX 2020 TEe m·IICAI. UPOATE 

I. Base Model Assumptions 

The CapX study region encompasses the 5crvice tC'l'Titorks of electric utllilies that have IOlld
serving responsibilities for Minnesota oonsume~. This region is ~presentc:d in Diagram I 
below. 

1.1 Loads 

The: CapX 2020 technical team chose the MAPP 2004 Scnes, 2009 summer peak 
model, as the base model 10 bc:gin scating loads 10 the anticipated 2020 load \c\'cl. To 
accurately model 2020 loads, the technical team used individual company load growth 
from the 1004 MAPP Load and Capability Report for the: follOwing toutro\ areas: 
Alliant Energy (west), Xed Energy (oon h), Southern Minnesota Mumcipal Power 
Agency. Oncr Tail Power Company. and Dairylnnd Power Cooperative. 

Note that each control area contams not only load belonging to the control area 
operator, but also that of other companies. For example, Missouri River Energy 
Services bas 1000d in the Alliant Energy (west), Minnesota Power, OnerTaii Power 
Company, Western Area Power AdminIstratIon, and Xcel Energy (nonh) control areas). 
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Minnesota Power aod Great River Energy's loads were scaled based on their most 
recent resource plan filings. The growth results arc in Table I 

(2004 

Table I shows an anticipated load growth of approximately 6300 megawaUs (MW) in 
the CapX 2020 region for the period from 2009 to 2020. The tc!;:hnical team also 
studied historical loads for Great River Energy. MiruJesota Power. Missouri River 
Energy Services, Otter Tail Power Company, and Xcd Energy to determine whether 
anticipated load growth was ('on~istcnt with historical load growth in the region. Load 
growth for these companies averaged 2,64 percent during the period 19110 to 2004. 
Diagram 2 shows the variability of load growth as well as the continuing upward 
growth in load for the region. TIu: technical team's fl'f\:Cast from 2009 through 2010 is 
a slower growth curve than the actual growth in the early 2000's (2.49 percent vs. 2.64 
percent). 

, 
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Diagram 2 - Historical Growth 

1.2 Generation 

The CapX 2020 lechnicalleam assumed that the generation modeled in the 2009 
summer model would still exist in 2020 and would continue to serve the load modeled 
in 2009. To address anticipated load growth of 6,300 MW, the technical team solicited 
informatIon fro m independent power producers (including wind developers), resource 
planning entities within various organizations, and the Midwest Independent System 
Operator's (MISO) generation interconnection queue. 

Diagrams 3 and 4 are maps ofpotcnllal generation addition locations that have been 
identified either from the MlSO queue (Diagram 3) or from Wind on the Wires (which 
is a wind advocate organization) potential wind sites (Diagram 4), 

The technical team combined this infonnation 10 fonn potential generation 
deveiopmenl nodes. independent of fueilype. which they used in the modeling process 
to supply load increases. 
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The CapX 2020 lechnicailcam mapped the locations or these resources lind identified 
five generation regiom: Nonhern MinncsOla, Dakotas (North Dakota and South 
Dakota), Southern Minncsota/Northem Iowa, Wisconsin and the Metro (Twin Cities 
Metropolitan) area. These regions are shown in Diagram 5. 

2.3 Scenar io de termination 

The team modeled three generatIon scenarios to address the anticipated load growth of 
6,300 MW from 200910 2020. Each of the scenanos mcludes suffiCIent renew1lble 
resources to address the Minnesota Renewable Energy Objei::live of the CapX 2020 
participants. 

The three generation scenarios consist of a North/Wesl bias, a Minnesota bias, and an 
Eastern bias. These lhrec generation bIases reflect potential generation development 
that might influence electric power flows on the regional grid and thus indicate the size 
and location of new transmission infrastrucrute needed to deliver the generation to 
customers. 

Each of the scenarios includes generation resources from several of the regions. See 
Table 2. 
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Scenario 
Generation an:as North IWest Bias Mmnesota Bias Eastcm Bias 

Northem MN 17001 1250 55. 
DakOtas 2100 1000 1600 

Southem MN ' 1875 1875 2175 
Iowa 

M<trO .,. 2200 1000 

Wisconsin • • 1000 

Total 6325 6325 6325 

Table 2 - C entration Scena rios 

Diagrams 6, 7, and 8 provide geographical represcntauon of the regions for which 
generation will be modeled m each scenario. 

2.3. 1 North/West Bias C eneration 

In the north/WC5t bias generotion case the ncw geoct1ltlon modeled IS more heavily 
based on imponing generation into Minnesota from Manitoba. North Dakota.. South 
Dakota,.nd Iowa 

The generation mix Includes 2275 MW 10 mcct Minnesota's Renewable Energy 
Objective: 975 MW from Minnesota and 1300 MW from out.<Hde ofMmnesota. II 
also Includes 1950 MW or othcr Minnesota generntion and 2100 MW or other 
generation from outside or Mmnesota 

Chan I below illustrates the north/west generation mix . 
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C haM I • North/West BI., C eneratlon Mil 

, Thd t7(1).MW IOIlI mcludes. ]()oo'MW Imporl from r.ianuobt. 
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2.3.2 Minnesota 8ias Generation 

In the MinnesOIa BIas Generation case all new generation outsIde of Mmnesota 
(Nonb Dakota, South Dakota, and Iowa) is modeled as 1300 MW of wind 
gcnCfll.tion (REO)_ The generation modeled Inside of Minnesota is a mixture of 
REO, peaking, and base load generation. 

The general10n mix includes 227j MW of Renewable Energy ObJcctive and 4050 
MW of Minnesota generation. 

Chart 2 below IIIUlitnues the Mllmesota biAS generation mix. 
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Ohlgram 7 - Minnesota Bhu Generation Locations 

2J.J ElStero BilS Ceneralion 

In the Eastern Bias gencrauon case the new gencTlIllon modeled IS more heavily 
based on importing generation into MlnnCSO(II rrom Wisconsin and Iowa wuh 
1000 MW new generation modeled in Wisconsin and 1050 MW ornew 
gcneratlon modeled In lo" .. a 
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The generntion mIll: includes 2275 MW of Renewable Energy Objective (975 MW 
ofMil1llesota REO and 1300 MW from outside of Minnesotll REO), 1700 MW of 
generation from inside of Minnesota, and 2350 MW of generation from outside of 
Minnesota. 

Chart 3 below illustrates the Eastern bias generation mix . 
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3 Aualy,ls 

The CapX 2020 technical team's primary goal wu to create d. common transmission 
backbone thaI CI.1U1d sustain system growth based on the three generation scenarios. In the 
future as specific generation is built. other transmission facilities wi ll be required to tie the 
generation to the transmission backbone system and till the load.serving centers to the local
serving distribution subst.ttions. 

With thi~ goal in mind, the team devt'\opcd 3D initia l lis! of possible trnn.mIiuion raei lnies. 
These faclhll~ an: shown in Diagram 9. Diagram 9 w;u created us ing inputs from various 
regional Midwest lndcpcndcot System Operator (MlSO) cxplorntory studies.. the 2004 MISO 
Transmission Expansion Plan (MTEP ' (4). !IS well as input from utility tr:msmission 
planners in the study arell . The team purposely l:epl lines vague, kaving the rouln and 
endpoints to be determined IU study work progressed. Transmission alternatives were limited 
to faci lities 345l:i lovolts and larger for d~ purpose of Ibis vis ion study of the high voltage 
bulk transmission study. 

Tbc: Iccbn,," .. 1 te .. ", i"~\Hvurah:o.I lr4ll!iDl..iS/liun al ternatives identified in un-going studies in 
(;Onjunction with tr:m.smission plans identified by various transmission 5tal~holdetS. The 
goals were to identify lransmission improvements that cooncet remote generation to the lood
serving centers in the region and I(l develop II trarulmission backbone tlut supports continued 
load growth in the various load centers. The transmission improvemt'lDts focused on high 
voltage solutions (345 kV lines and SOO kV line~) that best addressed the load areas and the 
various generation scenarios. 

13 
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AS II starting point. the technical learn utilized the most probable transmission optiol1ll 
from the exploratory studies already underway in the MISOIMAPP footprint. most 
notably the Southwest Minnesota! Northem Iowa study and the Northwest Exploratory 
study. These transmission options are shown below: 

• A 345 kV line from the North Dakolll coal fields 10 Fargo and continuing to 
ncar 51. Cloud. Minnesota 

• A 345 kV lme from Prairie Island, ncar Red Wing, Minnesota, to Rochester, 
Minnesota, and continuing to southwest Wisconsin 

• Two 345 kV lines into central Iowa 
• A 345 kV or 500 kV Ime from Manitoba inlO ncar St. Cloud, Minnesota. 
• Generation outlet transmission facilities presently under study through MISC. 

Once these lines were placed on the map. the technical team analyzed the system for 
the beSI regional method 10 tie all these $rudy results together, while maximizing load
serving potential for the entire region well into the future. The learn also created a 
second 345 kV transmission ring around the wider Twin Ciucs metro area, with 
"spokes" leadmg oot to the smaller load andlor generation pockets in the region. 

A complete list of the potential transmiSSIOn facilities ;s mcluded in Appendix A. 

14 
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3.1 Study As~umptions 

3.1.1 System Cundition Assumptions 

The CapX :!O:!O study was based on a system snapshot with the bc~t-known 2020 
state of the transmission system as of August 2004 for the MAPP region. Since 
August 2(1()4, very few changes have bero made to the base case model. In the 
last ten months. load, generation and transmission modeling may have been 
modified in other studies. which the ColpX 2020 study doe!i not reflect. 

3.1.2 Contingency Analysis Assumptions 

The technical team tested sc,·<.-rni transmission solutions for each generation 
scenario and perfonned steady-state powcrtlow analysis (fint contingency 
simulations) to dctennine which transmission solution eliminatc:s thennal 
ovcrloads on transmission lines 161 k,V :md higher in the region. BecallSt! the 
intent of this study was bulk level load serving. the technical team decicle.lln 
mood all generation on the highest voltage bus available local to the generation, 
and to run the contingency simulat iOilll on a limited list of facilities, namely 161 
kV and above. 

When rn';ewing the results of this stutt;. note that only the bulk system overloads 
and solution are represented. None of the a.uociUled substation, generation 
intert:onnecnonjacilities. or under{ving lower-voltage (below 161 HJ traru'miMion 
.'i),stem injrastructure W/lS .'itudiet!. 

3.1.3 Big Stone U Inclusion in the CapX 2020 Vision Study 

Interconn~etion st~ady-sU1tc results from the Big Stnne II generation study werc 
completed in the late fal11004 and, thcrcfore. were included in the CapX 10.20 
Vision Study. Big Stone II was modeled in the north/west and eastern biases. In 
the north/west bias. the gener..l.tor was modeled along with the outlet options that 
included: 

• Big Stone - Canby new 230 kV line 
• Canby - Granite Falls 115 kV line converted to 230 kV 
• Big Stone - Willmar new 230 kV line 

"fbe eastern bias included the generator along with outlet options that included: 
• Big Stone - Canby. Minnesota. new 230 kV tiDe 
• Canby - Granite Falls. Minnesota. 11 5 kV line converted to 230 

kV 
• Big Stone - Ortonville, Minnesota, new 230 kV-linc 
• Ortonville-Johnson Jet. - Morris. Minnesota, 115 kV line 

converted tn lJO kV 

Because the Minnesota bias focused on generation locatc:d within state boundaries 
with the c:\eeption of wind resources, Big Stom: II, which is a potential coal-fired 
plant in South Dakota. was not includt.:d in this generalion bias. 
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Based on the results from this vision study, the Minnesota and nonhlwest 
generation biases indude a new 345 k.V line from Gmnitc Falls, Minnesota, to 
Benton County (SI. Cloud), Minnesota, and all three generation scenarios include 
a new 345 kV line from Ellendale, North Dakota,to Blue Lake (Mplsrst. Paul), 
Mmnesola, regardless of whether Big StOlle II was included. These lines could be: 
instrumental to wind outlet in the North Dakota and South Dakota. 

3,1.4 Sensitivities to CUffeDt Area Study Work 

• Big Stone II was partially included in this vision study as described in section 
3.1.3 above. Because the Big Stone II intetcollDcction study was completed 
during the CapX 2020 technical study timefram..,. variations of the 
intcn:ollDection study results wen:: included in the CapX 2020 study. When a 
certificate of need ICON) is filed for Big Stone II, a vision study sensitivity 
will be completcd to determine bow the Big Stone II projCd proposed 
facilities fit into the tirueline for the CapX 2020 vision study facility additions. 

• Buffalo Ridge Incremental Study conducted by Xcel Energy In the wioter or 
2004 through spring 2005 had no public results available to indude during the 
CapX 2020 case devdopment time. In addition. the Buffalo RJdge study is a 
lower voltage s tudy than the CapX 2020 focus. 

4 Scenario Analysis 

The prelimimuy base eaoo;c model for the ycar 2020 includes the 6300 MW of anticipated load 
growth and the new generalion 10 meel and serve the growth, however the base case docsn', 
contain any new necessary transmission facilities.! The CapX 2020 technicalleam's 
prelimmary base ca!IC analysis of the three generation seenanos identified a sisnificant 
number of transmission overloads that could occur ifno additional transmi~sion is built 10 
serve the projected load growth and the new generation needed by 2020 to meet this growth. 
The team simulated the lo~~ (outage) of single transmission clements in-I lIllalysis) to help 
determine transmission alternatives to address potential violations of North American 
Electric Reliability Council criteria, such as low voluges and thermally overloaded facilities, 

Power Technology's PSS/E program, Version 29, was used to perfonn this analysis_ Within 
PSSIE, the activity called ACCC, or AC Contingern:y Check.ing. was used as a first cheek of 
the entire study area to find problems. ACCC s.:quenli:llly examines all relevant single 
contingencies in the region of interest for a given load and transfer base casc. Facilities 
identified in the ACCC outputs were considcred limiters if they had line outage distribution 
factors of 2 percent or greater. Bus voltugcs lower than 0.9 per unit wen: alw flagged. 

For the more detailed analysis of each scenario, the team used a contingency program 
developed by Great River Energy. The contingency program uses the IPLAN programming 
language within PSSIE. It perfonns many functions on the u5er-dcfincd model, including 
developing user...Jdined contingencies with appropriate line-switching proccdures, 
monitoring files for bus voltage and line loading violations, and the output files Me then 
easily imported into Microsoft Excel. Transmission facilities identified in the Excel outputs 
were considered limiters if they had power transfer dislnbulion factors and/or line outage 

, Exce'pllon: The ""rth{Wrlit bIaS h • ., 2020 CJ..", iru;hllks a 345 kV r""ility from MtIlIitub~ 10 nCM St Cloud. MN 
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distribution factors of2 percent or greater. Bus voltages lower than 0.9 per unit were also 
flagged 

For the 0- 1 analysis. the team ran transmission contingencies and monitored the transmission 
Sy5tem in the fo llowing control areas: 

Control IU l'a 

Alliant Energy West 
Xed Energy 
Minnesota Power 

PSSfE ar ea 1; 

331 

Southern Minnesota Municipal Power Agcn!;y 
Great River Energy 
Otter Tail Power Company 
Dairylaml Powcr Company 

600 
608 
6lJ 
618 
626 
680 

4.1 Existing System Perfor mao('e I Base Case ADalysis 

The ACCC activity performs all cODtingencies in the area and. therefore, provides an 
excellent ~Teening tool for detennining as to when and where violatioWi of the 
planning criti'ria occur. 

Initially, the team ran ACCC' on the exist ing syl"ttem for the three gl~m:ration scenario 
bias cases: Peak load with all the MilUlc~tlta bias generat ion on-l ine atdJe 2020 luad 
levels. peak lrod with all the north/west biaS generation on-line at the with 2020 load 
levels, and peak load with all the eastem bias generntion on-line at the 2020 load levels. 
The team tempomrily put aside base case results but cvenmally will compare them with 
the post-new faci lity results for each bias to find the most effective set of 34; t V and 
higher transmission mfmstrocturc additions to meet the 6,300 MW of ncw load. The 
base case system n-J results are included in Appendix B of this report fOf each bi:ts 

~"'. 
Table 3 shows the number of overlo:ldcd transmission faci lit ies and voltage violations 
in the base C:lSC 2020 models. Sections 4.2 through 4.5 of this report will discuss the 
results for each scenario in further detai l. Again. n-J contingency output resu lts arc 
tabul:lted in Appendix B. 

System "-I Voltage 
Scenariu Intact Overload Violations 

Overloads Violations) 
NorthlWest 42 14:! 45 
Bias~ 

Minnesota 42 I " 14 

B" 
Eastern Bia.~ 42 197 33 

T llble 3 - Basr Cllse 2020 T ra nsDllssion System ViolatIOns 

) Oubge. of indj";du.d faClhtit ... 161 kV md higher were simuJatfd. 

"Indudes the addition of~ 345 keV fadil}' Ii'om Manitoba 10 m:arSt CluucI. Mlnne50ta 
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4.2 Transmlnlon Allt t .illvH 

As mentioned previously in this rrport, AppendIx A ofdus repor1 includes a complete 
lis t of all transmission facilities 345 kV and higher thai the CapX 2O:!:O leehnicalteam 
considered. The team analyzed each generation scenario separately to detennine which 
oftho::~e facilities would most effectively solvc thermal and voltage violations on the 
bulk ( 161 kV and higher) tr.wsmissioD system in the study area. To do this, the team 
inserted specific facilit ies or facility groups from Appendix A one at a lime into the 
model to assess each facility's benefits. 

The learn selected facilil1es to insert into the model by determining the Iocilitoo of the 
need for system improvement. The team recomll'lClX!ed as faci lity ::additions those 
facilitie s that had the greatest benefit to the system by n!ducing the thermal overload 
andlor solving volt::age violations during n-I contingerx:y. 

The results ofthc facihty addition benefits are shown in Appendix B in the n·1 
eonlin1!ency output result tables for each generation IICenario. 

4.J Minoesota Bias SceD.rio Rtsults 

4.J.1 R«ommcodtd TransmiJSion Vision F.cilitits 

Diagram 10 shows the fmal compii:J.tion of recommended tronsmission fac ilities 
for the Minnesota bias based on Ihe n·l contingency analysis compieled using thc 
facilities in Appendix A and Table 4. All contingency analysis re~u ltli Bnd PSS!E 
automaps 8Ie included in Appendix B-1. 

Rd. Dal. Fldliry P.nK' 

RtU Source T. V.11 
From I"V) I\liIH Cost (51\1) 

F·O::! TIPS Alexandria Benton 
County 345 80 60 

F .. 3 TIPS Alexandria Maple 345 
River 12' 94.5 

F·06 NW Antelope Maple 
Valley River 345 292 21' 

F", CAPX Arrowhead Chisago 345 120 90 

F·" CAPX Arrowhcad Forbes 345 60 45 
F·'" CAPX Benton Chisago 345 

COWlI COWllv " 44.25 
F· IO CAPX Benton Granite 34S 

Coon" F~" 110 1I:!:.5 
F· II MH Ikn.oo Riverton 

Coon.,. 345 78 58.5 
F·12 CAPX Benlon Sl Boni 34S 

COWIN 62 46.5 
F· B CAPX Blue Lake Ellendale '45 200 ISO 
F· 17 CAPX Boswell Forbc5 345 64 " 

18 
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F-26 

F-28 

F-30 
F-32 
F-36 

F-56 

F-63 

CAPX Chisago Prairie '45 
County Islaod 82 6U 

CAPX Columbia Nonh 345 
LaCrosse 80 60 

NW Ellendale Hell inger 345 23 1 173.25 
CAPX Fo","" Rivenon 345 "' 85.5 
SMNI R.ocbestcr No"" 

laCrosse 345 60 " SMNI Prairie Rochester 345 
Island 58 43.5 

CAPX Lakefield A"'"" 34S ,,, 92 6. 
Total 19 .. 1476 

CAPX -CapX Technical Tcam 
NW - MISO Nortbwest Exploratory Study 
SMNI - MISO Southern MinnesotalNonhern Iowa Exploratory Study 
TIPS - Transmission Improvement Plans Study 
MH - Manitoba Hydro Srudies 

Table 4 - Minnesota Diu R«t)mmended Fad llties 
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Oi.gum 10 - '1lnntsota Bias R«OlUlUtnded Facilities 

4.3.2 Lln~ Flows on Interflll:e and Tie Lines 

The CapX 2020 IcehUle .. 1 team collected system mUlct lme flows on II. select set of 
lie hnes aod Interfaces In IIfld around the Minnesota system. Table 5 
predominanLly focuses on lines coming into and gomg OUI of Mmnesota, 
including somt lines internal to Mmnesota connectmg pockets OftT3nSmiSSIon 
Table 5 shows lhal addmg the facilities recommended for the Minnesota bias 
scenario mostly causes reductions in MW flow O,'cr these 230 kV and higher 
interfaces. 
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4.4 North I Writ Suoario Results 

4.4.1 Reeomme.ded Transmission Vnion FaciU1iH 

Rt r. 
ReU 

P·02 

F·03 

l-··otI 

F-07 
F-08 
F·O'! 

F- IO 

F·1 2 

F-B 

F·26 

F-Z8 

F-29 

F-JO 

F·36 

F'" 
F-40 

F-56 

Diagram 11 sbows the final compilation ofn:commended facilit ies for the 
NonhlWest Bias based on the a-I contingency analysis using the faci lities in 
Appendix A and Table 6. All contingency an.:Ilysis rcsu lLs and PSS/E automaps 
an: indudcd in Appendi;o; B-2. 

0. .. Facility Name 

Source From T. Volt 

kYl .- Cost (SM) 
TIPS Alexandria Benton 

County 34l 80 60 
TIPS Alexandria Maple 345 

River 126 94.5 
NW Antelope Maple 

Valley River 345 292 '19 
CAPX Arrowbead Chisa 0 '" 120 90 
CAPX Arrowhead F,""" 34l 60 4l 
CAPX Benton Cllisago )45 

County County 59 44.25 
CAPX Benlon Granile '" C~~ Falls liO 82.5 
CAPX Benlon SL BOlli 345 

Coon'" 62 46.5 
CAPX Bluc Lake Ellendale 

34l 200 ISO 
CAPX Chisago Praim 345 

County Island 82 61.5 
CAPX Colomhia N."" '" LaCrosse 80 60 

MH Do"", Karlstad 

'" 134 100.5 
NW Ellendale Hettinger 

345 23 1 173.::'5 
SMNI Rocb.ester N.rth 

LaCrosse 345 60 4l 
MH K:l rlstad Win cr ,., 91 6' 
MH Winger Benton Co. 34' 

162 121.5 
SMNT Prairie Rochester 34S 

Island 58 43.5 

Total Z007 1.505 
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Key fOf Table 6: 
CAPX - CapX Technical Team 
NW - MISO Nonhwcs! Exploratory Study 
SMNI - MISD Southern MinncsotaINonhem Iowa Exploratory Srudy 
TIPS - Transmission Improvement Plans Study 
MH - Manitoba Hydro Studies 
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DiDgram II - North/We~j Bias Recommended Facililics 

4.4.2 Line Flows on Interface and Tic Lines 

The Technical Team collected system m!aellinc flows 011 II select set of tic lines 
and interfaces in and around the Minnesota system. Table 7 predominantly 
focuses on lines coming into and going out of Mmnesota. mcluding some lines 
intemailo Minnesota connecting pockets of transmission. 

The table shows that adding the facilities recommended for the north {west bias 
scenario causes about equal amounts of reductions and additions In MW flow 
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o\'~ these 1]0 kV-and-higher interfac«. Note that in this north/west scenario the 
Manitoba Hydro nows arc lower than in lhe slow growth scenario Manitoba 
Hydro export. The re.1SOQ for this differenee is that the CapX technical team has 
;Wded the 34S kV line in the 6,300 MW load I»secase, which has 816 megavolt 
ampcTeli flowing on it. 
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Boswcll - Blackbcny 230 kY 284-4 216.2 Northc:m MilUleso/a 
Clrt , 
Boswell- Blackbcny 230 kY 277.6 269.7 Northern Mmnesota 
<..1<12 

Table 7 NorthIWest Bias Tie Lmrllilterface Flows 

4.5 Eastern Bias 
In the eastern bias 5';enano, the CapX 2020 tc~hni~al team added part of the addit ional 
generation to the east ofMiIUlesota (part on the border of northeastern Iowa and 
southwestern Wisconsm, part ec:ntr.d WlscullSm), 10 addition to having generation 
throughout Minnesota. northern Iowa. North Dakota., and South Dak.ota as in the o ther 
two scenarios. 

4.5.1 Recommended Transmission Vision Fadlities 

FadUtyNamc 
Dat .. Volt Cost 

Ref,# Source From T. 'VI Milt'S (SM) 
I'-S6 SMN I Prairie Isl311d Rochcstcr 345 58 43.7 
F-64 APX Bau Claire King ]45 84 H I 
F-<5 APX ~laCrosse Eau Claire ] 45 73 SS. I 

F-<' APX ~noa LaCrosse 345 42 31.7 
1'-67 CAPX Genoa Columbia ]45 II ] 84.' 
F-68 CAPX 'enoa c:lsun Dewe ]45 7 52.4 

Nelson 
F-69 SMNI kwey Salem 345 " 25. 
F-70 APX ~noa Lamm ]45 21 1) .8 

-71 CAPX ansin och.::stcr ]45 8 66. 

-72 CAPX UendaJc ig Stone 345 i9 145.8 
-73 CAPX Rl Slone luc Lake 34' 71 53.4 

F-02 IPS a Ie River coton Co ]45 ~ 154.5 
-0] NW Antelope Va. [Maple River ]45 21R.8 

F-07 X whead h isa 0 ]45 12 9 
'-08 C'apX '\rrowhead ,,"" ]45 6( 45 
'-09 CapX Benton Co hisago ]45 5 44.2 
F-IO , X Bcoton Co ,r:J.nlle Falls ]45 II 82.5 
F-12 CapX enton Co StDoni ]45 62 46.) 

':!6 ea X hisa 0 Co Prairie Island ] 45 8' 61.5 
F-30 W Ellendale Hettin " ]45 231 21H.8 

Total 2071 1,600 .. -Table 8 Easlern Bla~ Recommended FacilIties 

Key ror Table 8: 
CAPX - CapX Technical Team 
NW - MISO Northwest Exploratory Srudy 

" Appt<ld~"'.l 
"~lOo"n"oo l4S.VPIQ~ 

E-002'C N~·1 1 15 



119 

-

SMNI - MISO Southem MinnesotalNonhem Iowa Exploratory Study 
TIPS - Transmission Improvement Plans Study 

y' j:H - M~m<Ob' ~Yd~~ . _ 

~ -r~MAt>J7fj8.rJ 
~ ~r " 
-I ~ _I -

-.--
=~---

Diagram 12 - Eastern 8ias Recommended Facilitk'5 

4.5.2 Line F'IO\o\5 on Interrace a nd Tit' Lines 

The Capx 2020 Icchnic31 team collected sysu~~m intact lioe flows on II select set of 
tie lines and interfaces in and around the Mmnesota system. Table 9 
predominantly focuses on lines coming into and going out of MinncsoUl., 

. , 

including some lines inside Minnesota connccting pockets of transmission. 

Bait. 
Voi la,,, 6300 
U.tl MW 

no_ 
UPGRADE 
KUll rl(l 

'''''' 

26 



120 

" 

" I 

II 

" S low Gmwth Analysis 

The CapX 2020 technical team performed a sensitivity analysis for a reduced Imnllcvcl of 
4.500 MW to dctrnnioc which facility additions an:: nc:ccs~ary at this slower growth load 
level. Assuming the 6,]00 MW increased load level is reached in 1020 and using a linear 
load growth rate. the learn dctcnnincd that the 4.500 MW increased load level would ~ 
reached in the ye:'II 2016. 

To model the 4,500 MW load level, the 6,300 MW load model wa.~ scaled down in nch 
control area unifonnly by scaling the load growth down by a factor of2/3 (450016300). The 
scaled dcown load totals for each control an:a are shown in Table 10. 

27 
~PPI"'" •. 1 

AooiciIIm 100' Ttvw 34~ .V ~ 
E-OO~.(IG- " 1 ~ 



121 

Calculal~ 2020 load Scaled load level 
COllt rol area h~vel (6300 MW\ {4S00 Mw1 

Alliant Energy (West) 3888.~ 37 J l.J 
(331) 

Xce\ Energy (North) 
(".;;, 

12885.1 11960.5 

Minnesob Power Co. 181 4.4 1727. 1 
(608) 

SoothemMN 442.4 410.4 

MUniC:~~I(~ower 
Al!cnc 613) 

Great River Energy 3943.2 3627.8 
(618) 

Otter Tail Power (626) 2248.3 2085.9 
Dairyland POWI!J Co. 

i680) 
1266.2 11 77.6 

Total 26487.8 24700.6 

Table 10 - CIIPX 2020 Slow Area Growtb 

Tho: generation total also was reduced by scaling cach generator down by a factor onl3 
(450016300,. Tabk II shows the' reduced generation totals for each generation bia.~ scenario. 

Slow Growtb Anah-sis 
NurthIWest Minnesota Eastern 

6300MW 4S00MW 6300MW 4500 MW 6300 MW 4500 
MW 

Northern 1700 1214 1250 "3 55. 393 
Minnesota 
Dakotas 2100 1500 ( 000 714 (600 1143 
SouthemMNf 1875 1340 1875 1340 2125 [554 
Northern Iowa 
Mooo 65. '64 2200 1571 1000 714 
Wisconsin • • • • )000 714 
Total 6325 4518 6325 4518 6325 4518 

Table 11 - Slow Growth Ceneration Seenlloo 

The results for each generation scenario at the slow gro",1h load level will be discussed in 
detail in section.s 5. 1 - 5.3 of th is ro:port. The n-I contingency output results tabulated in 
Appendices 8-1 through 8 -3 . For the slow growth n- I analysis, the same contingencies from 
the anticipated growth study were run again and the transmission systcm was monitored in 
the following contro l areas: 

28 
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Control Arn 
Allianl Energy West 
Xcel Energy 

PSSlE Area 1# 
JJJ 

Minnesota Power Co. 
Southern Minnesota Municipal Powt':r Agency 
Great River Energy 
Otter Tail Power Comp3nY 
Dairyland Power Company 

600 
608 
613 
618 
616 
680 

S.1 TrlllUmissMIn A1ternulves Considered for Slow Growth 

For the slow growth sensitivity the CapX 1010 technic:1I team began the analys is of 
eaeh gene-tatioll scenario with the facilities recommended for tbe 63()()"MW vision 
srudy. The Illcommended facilitic..~ were individually removed 10 determine which of 
the facilities were also ~'essary at the 4.500 MW lu:ullgt':nerntion level. 

For the MinnesoUl and NonhlWest biases. the team determined th.lt the UI.lJority ofthl: 
facilidcs slill were ncct':Ullty even with the load reduced by 3) percent. !'or the eastern 
bi:u case al the slow growth level, there was les5 justifICation for some of the vanous 
n:commrnded tnmsmissioo lin«. Although. higher voltage lines from the Wiscon.~in 
Iowa border ma IOwards the Twin CitiC5 were still appropriate. It was also still clear 
that rel ief of existing fociliti es is needed on the system between the Dakotas and 
Minnesota. As t':ltplained In section 45. :Iliditional sensitivity work is st ill pending for 
the o:astcm bias case. both at the 6)00 MW level anu the slow growth scenario. 

S.2 Minnesota Riu Scenario Slow CroWl" Resu..ltJ 

S.2.1 R«ommended Facilities 

Ref. # 
Data 

Source 

,. 
ApptfIdb • •• 

ArIcoIL1DI b"llIft ~~ ~v PqIca 
e.aJ2/CJI~1I 1 ~ 
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Table U key: 
CAPX - CapX Technical Team 
NW - MlSO Northwest Exploratory Study 
SMNI - MlSO Southern MinncrotalNorthem Iowa Exploratory Study 
T[PS - Trnnsmissioll improvement Plans Study 
MH - Manitoba Hydro Srudies 

30 
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Diagram 13 - Slow Growlh Load Lc\-eI Minnesola Bias Recommended Facilities 

.5.2.2 Line Flo""', on Jnlcrface and Tie Lines 

Voltllge MW 
unl fLOW 

" 

J1 
Appendb; A·l 
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5.3 North I Wnt Sc~lnrio Slow Growth Rn ulls 

5'),1 Re«Iml1l~Dded Facilities 

Data 

• 

J2 
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Table 14 key: 
CAPX _ CapX Ta:hnical T""m 
NW - MISO Northwest F.xploratory Study 
SMNl - MlSO Southern MinncsotalNorthern Iowa Exploratory Study 
TIPS - Transmission Improvement Plans Study 
MH - Manitoba Hydro Studies 
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Table 15 - Slow Growth NorthlWesl Bias 

In the eastern bias scenario. the CapX 2020 technical team added pan afthe additional 
generation to the cast of Minnesota fpart on the border of northeast em Iowa and 
!/OUthWL'Stcrn Wisconsin, part centm! Wisconsin), in addition to having generation 
throughout Mionesou, northern Iowa. North Dakota, and South Dakota as in the other 
two scenarios . 

5.4 East Stenario Slow Growth Rt'sulls 

35 
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5.4.1 

R. t. 

Wo-

··26 

,,,ill', N.m. 

~:::e <om To ~~ M;'~ ~~ 
34~ 43, , . 

'''' C".., 
K'APX G,~", ~.,W" Ikwoy 345 50 

Is~ ~:::~ I"'km 345 
~ 

25. 

~ 
345 " . , 

, ::,: "vcr 345 
Ie",x 9i 

, 

~ ~ 
345 

207~ ~ ..... ,. 15- .... ,," . , .. , 

Key ror Table )5: 
CAPX - CapX Technical Team 
NW - MISO Northwest Exploratory Study 
SMNI- MlSO Southern MinnesotalNorthem low. Exploratory Study 
TIPS - Transmission lmprovement Plans Study 
MH - Manitoba Hydro Srudies 
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Dillgram 15 - [asetrn Bl.u rrellminal) Ruonuuended fa~mliH 

6 Common Facilities 

The CapX 2020 technical team's primary goal for this 1000ial VISIOO study was to identify a 
long.runge llIDlsmlssion plan thai would benefit MmncSOlil'S electric rch:tblht)' as load 
cOlltmu!;s to grow over the next I S years and beyond 

6,1 Common transmission IIllernalin"~ h('lw('eR the Blans 

The learn found that the biases had 1620 miles of 345 kY transmission lines in 
common, for a IOlal of S 1.2 1 S billion,S For comparison. Ihm is D lmlc more than 80 
percent ofthc cost of each scenario individually. The common facillues arc shown In 

Table 18. 

When reviewing the results oflhis srudy, nole thaI only the cost of traru.mlssion Ime per mile is 
reprneOled. None ofthc associated substauon, generanon interconnection facilities, or 
underlying l()\\o'er-voltage (below 161 ltV) transmission system inf'rasttuclUIe costs are 
detennined or Included in this vision study. 

J7 _ .. 
,I,ppbIm b 1'- "S kV I'qoI:II 
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Facility Name 

FrClm T. Volt (kV) Mi'" 
COlt 

"M) 

Alexandria Benloa County ]45 80 60 

AJex:rndrb Maple River 345 12' 94.5 

Antelope Valley Jamestown 345 "5 lJ8.15 

Arrowhead Cbisago 345 120 90 
Anuwhcad ''''"'' "5 60 .5 

B"''flton County Cbisag<l ('Oooty "5 " 44.25 

Benton County Gmnite Falls 3.5 11O 82.5 

Btnton County 81. Boni "5 " 46.5 
~ 

Blue l..:Ike Ellmdak " 5 200 ISO 

Chisago County ?mirie Is land ,.5 " 61.5 

Columbia North LaCro.'OSC H5 '0 60 

EUend.lle Hi.:ttinger J45 211 173.25 

Rochester North LaCrosse ,.5 60 45 

J3Illestown Maple River "5 107 80.25 
Pr:tirie Is land Roebetiltr 345 " ·13.5 

T~; Total cos m, 
162 $1.215 $"1" 

Tuble 16 - Common Rc-comDlended F:lc:i l.itie~ 

6.2 AddiUoli:l1 Irusmission facilities fo r tacb ~ellario 

In addll ion to the (OmffiOO facilitics in the above table. the Minnesota bi~s had thr« 
additional unique facilities for a lolal of 256 miles and $192 million. ThM" facilities are 
a result of the high conccntrnlion of generation in the SI Paul/Minneapolis metro Il"I:a. 

Til t" Ilor1hfwt"St bias also had three umque racilili e~ for a total of 387 miles and $2'XJ 
million. nl~SC f~i lit i es are a din:cl result of the 1000U.MW import from Manitoba 
Hydro. which is included in the tIOrthfwcsI £e~r:ltion bias. 

The East BillS h<ls unique faclil l lC"t due 10 the diOkullics sending power from the East 
10 West across minimal rivcr CT"tWings. 

J8 
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7 Coadusil)R and Nul Sleps 

The C3.pX 1020 te..::hnic.l1 team believes these results to be the emncrstonc of future studies 
to better identify the transmission needs of the study region. These results nccd to be 
integrated into the MISO Transmission EXl»DSion Pho:utd ongoing ut ility Iood-serving 
studies. 

The team euvisioDS future study efforts to itK:orpur;!tc tho.: results of adjoining regional study 
efforts. investigate how the bulk transmission solutions can support the load-serving 
trolL'lmissioD, and investigate how the impacts of new load forecasts ami generation 
inh:Cl.'ollllt.:clioDS impact the tr-ansmission vi,ion. Addition:!.l 5tudies to ('{)DSider include: 

• Scaling the 2009 model's load to a point where tr.ulsmission vioblions begin to occur 
lind Jetcnnining which tran~mi~s ion allemaliv,; best solves the problem. The study 
should continue this effort to determine sequence and/or combinations oflt'ansmission 
additions. 

.. AnalYZlllg the lower voltage system tbelow 161 tV) (or voluge violations and thennal 
overloads during n_1 conling<.-.v.;y anal)' ~is. 

• COlw:lucling detail sludi~'S (including ~tabl lity anal)'sis ) to NUpport a certificate of need for 
faei litio::;; identified 35 being {ritlc'!'l to meet the need~ of the transmisl;ion customcc. 

IJcnhfying bulk subSt;ltion locations ~t address overloads on the lood-~rving 
ImMmis.,iDn system and prep;tring leOl.sl-C01;t planning allernativCll that meet the 
:rn1K-ip:aloo loot! growlh in th .... area. Studies would involve dcla iltd load !lC3ling eftOrts to 
beller model lOc.lI lO.:td growth. The tc;un would revtew short-t(nn :!Itemati,·cs to 
address immediate coneem.~ ruch M-lIWitehed capaciTOrs. reronductoring. and volbgt 
upg:rud~s 00 e.'{lsting CQrridoJ'll . 

WH'Shgating imp.:1cl$ of :lItetnative trnnsmi$5it'lJl technOIDgy (DC, FACTS. phase shifting 
transform .. -rs, etc. ) 

• RcconSldcrlllg alternative gener,!.tion locations in each o(th~ biases to determine Ihe 
~cnsilivlty of geflcratiQlI locatlQlI on thc transmiSSion vis ion. 

.. Updating study rcsultll b."\scd Dn new generation inl~n;OnJlcctldelivery study I'\;sults. 

• In\(~'Ti.lting r>:sults of adjomlllg regional and MlSO study efforts to determine imp.lCts on 
IrnnSm ;5~ion vision. 

c:.pX 2020 Tcchnical Team men.ben.: 

Jared Alh<>linna 
Tami Andm;on 
Richard Dahl 
Rick Hertwer 
Amanda King 
Milee K.lopp 
Gonion I'ietsch 
Tim Rugelsiad 

Great River Energy Company 
Greal Rivcr Energy Compan)' 
Missouri River Energy St.'rViccs 
Sou~m Minnesota Municipal POW!'T Agency 
Xcel Energy 
Mirmesota Power Cumpany 
Gn."lIt River Energy CompaQ)' 
Otter T.lil Power C'00lp.tJl)' 
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Appt'uditH 

A . Compositc List ofTr:msmi5SioD Data 

B. Tabulatcd Contingency R~Its. Load Flow Data and Automaps 
8-1. MN Bias 

• N-I OUtput 6300 MW 
• Automaps for 6300 MW C3SC 
• N-J OUtput4500MW 
• Automaps for4500 MW case 

B-2. NW Bias 
• N- I Output6JOO MW 
• AUiomaps for 6)00 MW Case 
• N-IOUtplJt4500MW 
• Automaps fOl' 4500 MW cue 

8-J. &stnn Bia., 
• N- I Output 6300 MW 
• Automars for 6;\11() MW C3SC 
• N- l Output 4500 MW 
• Automapll fur -1500 MW case 

C. TnmsmissiOft CharJctenstics and Cost Estimate Data 

40 

A~"'l 
............ Thft345~V""'iKU 

E.oo:'K)I.(6.111~ 



134 

AppmdixA 
Composite List of Transmission Data - Recommended Facilities Include Facility Characteri~rics 

41 
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CAPX - CapX T«hni.:al Team 
NW - MISO Northwest Exploratory Study 
TIPS - Transmission Improvement Plans Study 

~-:: 

MH - Manitoba Hydro Studies 
SMNI - MISO s.;.uthem MinnesotalNorthem Iowa Exploratory Study 

43 
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APPENDIX C 
 

Appendix C: Actual and Projected Substation Loads for Southern Red 
River Valley area (Winter Peak)  

Southern Red River Valley area 
Load Serving Substations 

Actual Forecast 
Load 
MW 
2005 

Load 
MW 
2010 

Load 
MW 
2015 

Load 
MW 
2019 

Load 
MW 
2020 

Aldrich 2.7 3.2 3.6 4.0 4.0 
Alexandria (GRE) 24.4 26.4 28.8 30.8 30.9 
Alexandria Nokomis 12.9 14.2 15.4 16.2 16.5 
Alexandria Poleyard 20.1 22.1 24.0 25.3 25.6 
Alexandria Southwest 11.6 12.8 13.9 14.6 14.8 
Alice 0.2 0.2 0.2 0.2 0.2 
Audubon 38.8 43.3 47.5 50.6 51.2 
Aviko 5.5 5.9 6.3 6.6 6.7 
Badoura 2.9 2.9 2.9 2.9 2.9 
Baxter 17.4 22.6 24.8 26.6 26.7 
Brandon 22.8 22.8 24.7 26.4 26.5 
Buffalo 19.0 18.0 19.2 20.3 20.5 
Cass County 90.0 99.1 106.6 112.7 114.3 
Cormorant 7.0 8.2 9.2 10.0 10.0 
Detroit Lakes Industrial 6.6 8.7 10.4 11.6 11.9 
Detroit Lakes Rud St. 6.0 8.0 9.7 10.8 11.2 
Detroit Lakes West 6.0 8.0 9.7 10.8 11.2 
Dog Lake 14.4 11.2 12.3 13.2 13.2 
Eagle Valley 0.0 7.6 8.1 8.4 8.5 
Edgeley Switching Station 4.1 5.1 5.4 5.7 5.7 
Elbow Lake 22.4 26.1 28.0 29.6 29.9 
Elmo 7.4 8.7 9.7 10.6 10.6 
Enderlin 9.8 13.6 14.5 15.2 15.4 
Fargo 67.7 81.7 92.6 101.7 103.9 
Fergus Falls 17.8 27.0 28.7 30.1 30.5 
Frazee 45.3 50.6 55.2 59.0 59.3 
Gwinner 8.4 8.8 9.4 9.9 10.0 
Henning 21.9 26.4 28.5 30.2 30.5 
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Southern Red River Valley area 
Load Serving Substations 

Actual Forecast 
Load 
MW 
2005 

Load 
MW 
2010 

Load 
MW 
2015 

Load 
MW 
2019 

Load 
MW 
2020 

Hoot Lake 59.2 64.0 69.1 73.3 73.9 
Hoot Lake Generator #2 2.7 2.7 2.7 2.7 2.7 
Hoot Lake Generator #3 4.1 4.1 4.1 4.1 4.1 
Hoving Jct. 8.6 12.4 13.1 13.7 13.9 
Hubbard 45.4 28.3 30.3 32.0 32.2 
Jamestown 27.8 37.4 39.3 40.9 41.3 
Jamestown (WAPA) 0.8 0.8 0.8 0.8 0.8 
Jamestown Downtown 10.8 9.7 10.3 10.8 10.9 
Jamestown Peaking (OTP) 7.8 9.0 9.4 9.7 9.8 
Ladish 12.1 15.8 16.8 17.7 17.9 
Lisbon 8.7 9.1 9.7 10.2 10.3 
Little Sauk 2.5 2.9 3.2 3.5 3.5 
Long Lake 0.0 27.2 28.8 30.1 30.4 
Long Prairie 29.5 23.0 24.4 25.6 25.9 
Maple River 4.5 4.0 4.0 4.0 4.0 
Maple River 93.4 109.7 124.2 136.3 139.3 
Mapleton 0.0 11.5 12.3 12.9 13.0 
Merrfield 4.2 5.3 6.0 6.5 6.5 
Miltona 17.5 19.8 22.2 24.2 24.2 
MN Pipeline – Staples 6.0 6.2 6.5 6.8 6.9 
Moderow 24.2 32.0 36.3 39.9 40.8 
Moorhead Brookdale 10.0 10.9 11.4 11.7 11.8 
Moorhead Southeast 15.4 16.7 17.5 18.0 18.2 
Moorhead Centennial 22.7 24.6 25.9 26.6 26.9 
Moorhead Northeast 18.7 20.3 21.3 21.9 22.1 
North Jamestown 5.4 5.8 6.2 6.5 6.6 
Oakes 19.9 25.7 27.0 28.1 28.4 
Palmer Lake 2.2 2.6 2.9 3.1 3.1 
Park Rapids 37.2 45.1 50.6 55.0 55.0 
Pelican Rapids 24.4 29.6 32.1 34.1 34.4 
Perham 22.4 17.3 18.4 19.3 19.5 
Red River 151.9 159.2 169.4 175.1 177.9 
Rush Lake 10.4 28.2 30.4 32.3 32.5 
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Southern Red River Valley area 
Load Serving Substations 

Actual Forecast 
Load 
MW 
2005 

Load 
MW 
2010 

Load 
MW 
2015 

Load 
MW 
2019 

Load 
MW 
2020 

Southdale 9.5 11.0 12.6 14.1 14.5 
Tamarac Lake 6.9 7.9 8.5 8.9 9.0 
Ulrich  45.2 40.6 44.0 46.8 47.4 
Valley City 13.4 13.4 13.4 13.4 13.4 
Valley City (MPC) 17.5 19.5 22.0 24.5 25.0 
Verndale 41.5 30.1 32.3 34.1 34.2 
Total (MW) 1,357.5 1,536.7 1,668.5 1,773.6 1,795.2 
 
Southern Red River Valley area 
Winter Peak Load Total  
(with Load Adjustment Factor) 

 
 

1,044.3 
 

 
 

1,182.2 

 
 

1,283.6 

 
 

1,364.0 

 
 

1,381.0 

Critical Load Level = 1360 
Megawatts of Load at Risk 
(rounded) --- ---- ---- 4.8 21.3 
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STATE OF NORTH DAKOTA 
BEFORE THE 

NORTH DAKOTA PUBLIC SERVICE COMMISSION 

I N TIlE NL\ lTER OF THE t\ !'PLICATION OF 

NORTI-IERN STATES POWER COMPJ\NY, A 

MINNESOTA CORPOltJ\TION. rOR t\ 

CERTlrTG \TE OF PUBIC CONVlli'\!I£NCE 

AND NECESSITY f'OR A 345 KV 

TRANSMISSION LINE IN TIlE 

FARGO/WEST F ,\RGQ ME-mOl'OLl'J't\N 

AREA 

CASE No. p U-__ _ 

VERIFICATION 

STATE OF MINNE SOTA ) 
) ss. 

CO UNTY OF HEN NEPIN ) 

JAMES R. ALDERS, being first duly swom on oath, deposes and says that he 

is tite Director of Regulatory Administration fo r Xed Energy Services l nc. on behalf 

of Applicanr Northern States Power Company, a Minnesota corporation in the above 
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